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PREFACE 



* ■ 'Throughout histpiy, the advancfn^ent of civilization aridthe quality, of human. life have been 
directly related to the availability energy resources. From- the discover of fire to the splitting of 
the atom/ there has been a stekdy/ incr,ease in the amount of energy used by the world people* 

' ■ Our nation and the rest^of^e world*are now faced, with a situation where the major energy 
SQurces'of oil and natural gasp¥m/oe sipiificantly depleted lifetimes. U.S. dependence on 

imported^oil is we^ening^^r. economy j^and skyrocketing fuel prices are a major cause of inflation. 



Althou^^enersr groblems have been with us jiow for many years, our nation seems to be 
foundering withoiit/lny clear pro©^ to deal with them. Th^e PreBident arid Congress are at odds 
over questiorfs^^^^he^n^dfl^ 

issue of nucleap^ower. Someipiople think we should turn our backs on society, as we know it, and^ 
return to a ''simiiler" lifstylei In the face of this confusion, it is importanrthattlte public become 
aware of the energy prqblen^s and the various alternatives available to^ us. ITim decisions ma^^ now ^ 
will affect our quality of lifife in the future, including our home life^pur job j our health; our leisure 
time^ and many other aspects dfour livesi : ^ / 



^ The purpose ofythese modules is to help you guide your students' to anmnderstanding of 
m^rgy, particularly as it relates to your speciflc discipline .Thw are eight modules, covering the 
following subject areas: - r c :,| ir - v \ i 

English ■ • ■ ' - • 1 k 

* Home Economics . ' ^ f . 

• Social Studies * ^ ; . / . 

Industnal Arts 

Biological Science . ' : ' - 

Earth Science - . , 

Physical Science . 
EiMrohmantal Studies ^ ^ ^ - 

This introductory modufe is included with each of the subject area modules. Its purpose is to = 
give background information for all teachei^. It also includes a bibliography and a list of free films 
and Qthar resource: materials avdlab 

Also included with each module Ja a copy of The Pennsylvania Energy Primer, a publication 
of the Goverijor's Energy Council. It contSijis energy Infonnatlpri especially pertinent to our state. 

It is hoped4hat through the use of these materials, both teachers and students can come to a 
batter understanding of the energy situation, and can thus be more Informed and vocal citizens. 




. , ^ . 'I^Energy- can appfea^'^ in rhray- 'different fdrmirSoihrf commh fonris^^^')^t6hMi^^. _„ , 
P^Mt^^^^^^^I^^^'J^^^"^^^^ :energy,: and 'electricai: energy. We will talk at gAs]te|||hpi|||'|^^^^ 
I' " differeni fo^s of energy in a later section. We will also d^UsiajbMt; t^^ 

can b^'chaHged from' one! fbnn into" afiother. ; l^^ - \v'-'^p^S^N"fi>S^4^ 

ThjQughout /history, people haVe^deye^^^ sources br^ne 

ns had only / the strength of theirTbpdies7 tod later the People SmeHlaiM 



humar _ 

work for them. They used the energy gf wind to .move sailing vesselii'and' the energy^^¥wfit4r to 
turn mills. With the inventiorrof the steaip anpne,.^S 
, discovery orBleGtrijcity created, another hripprtant way of using ener^^i So 'did the invention of the 
i \gasbline Engine: A nfcw'-'ira-in the use. of enaEgy was entered with the appiicmtion: of .nuclear energy: 

, ,\ Most of the energy we use comes difectlyr:Qr indirectly /rom theviuni^^ 
= . . ^-radiant energy of the sun falls on the earth, it ig chanied<tQ_heat energy i:wanning*thfeWrth. When 
.t^H^"^ thesunli^t-f^^^ 

£ ^ make food for anmial consumption, and ^yood which w^^^ bum to worE^fotMli^i^^^^ 
^ bean stored under the surface-of the earth; w^ undergone ehemicffchiaiges^^^ 

oiU and gas. These are called the fossil fuels, and they are presently our majbr soui^e^of; e^^ 

KWETIC AND POTENTOAUBNERG^^ 




There are two general cat egoiies of energy j ehcdmpassing thpyarious fomisr^hese eategpries 




are potentiaLenergy and kinetite energy. 



Energy that is stored isVcalled potential enef0. It is ehrtgy that 
position or cpriditlon; for example, a tightly stretched spring has potentl^ ehergyMt ^ 
to do woric if released J'i^ rb^k lyih^^^^ 

allowed to roll doWn the hill> A pfle of coal has potential energy ^^since work caji be dorte y^^hen the 
coal is burned. ^ ' - 

On the other hand, the eriergy; that an object has because of its motion Ms called kinetic 
energy. If a stretched spring is released^ it has kineH^^ energy. A roclc rolling downhill also km 
kinetic energy^_ ^ , ^^ .^ ^ _ „ ^„ 

Potential energy represents work that has already been done. For example, suppose someqoe 
Uffs a weight off the ground. As a result of tliis work, the weight possesses a certain amount'of 
potential energy. If the weight is allowed to fall, its potential energy^ is changed into kinetic energy. 
At the instant it strikes the ground, all its potential energy is gone. Whealt rests on the ground, the 
ikinetic eneiiy 'is also gone; Having beeii ghariged into some other forin of energy^ uSuaUy heat. 
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/.VfORMS or ENERGY > ■, / '-f . • " • ^ 

it' T Mechanical Eiieqiy . ' i " - 

■ i ' " J ■>, -Mechanical energy is that form of energy which js acquired or released by moving objects. A 
rowing. : W turning windmill j- and/ a rotating waterwheel are examples of objects with 

rfhr mefclianigal fiiiergyi 



' ' if- / 



• V Mechanical energy can be easily changed intp other useful energy forms. For example; falling 
water iiiOan spin thei blades of a ^turbine. The mechanical energy of the spuming turbine can be; 
;coriverted into electrical energy if the turbine is connected to an electrical^generatori; 



' Other fonns of energy ^an also be changed into* mechanical energy. For example, gasoline or 
1 diesel' fuel, which contain relatively large amounts of potential energy,^ undergo controlled 
combustion in the e^^ne o^ a buUdozer and produce parts of the- 

engine. The bulldozer can then do work. ^ , * 

I - ^ / ' ■ ^ 

By its veiy.naturei, meohanical energy closely associated with kinetic energy. 




.Gravitational Eneigy . ^ ' 

.1';^ -One.'^^n^ form of potential energy is gravitation^ potential energy. This is the energy of 

a itock poiied at the edge of a hill, or of droplets of wattjr at the top of a waterfall. These are 
examples of ^gravitational potential energy because it is the earth "s gravitational pull which will 
thf m in motion. - ■ ^ ' T ^ - 

' i One applieation of gravitational^e to use ftlling water to turn turbines and produce: 

^.electricityj:inia hydroelectricLdam . _ — ^ ^ ^ ^ * 



/ 



Ghemical Eheigy V ? 

Qiemical energy is that energy Whichi is involved m chemical^reaetions. In most chemical 
reactions* energy is released or abiotbed in the fom ■ ; * 



-Photosyjithesis and respfrationVtwo biolopcal processes, are basically chemical reactions. The 
. rust&ig-ot irDn is a chemical, reaction whleh releases heat, but it generally occurs so slowly that the 
heat released is^ot ^etected. In a bafteryj cherflical energy is stored for later release as electricity. 

. . _ . : 

Chemipal reactions that release heat are o>^ particular Importance as usable energy sourcei. 
The burning of fuels such as wood, coali gas. ahd ofl provides for release of stored chemical energy. 
Note that some initial energy is heces^ry W itM^ wood 
begins to bum only after it has been hSated to its kindling temperature. The burning of coal, gaSj 
and oil provides heat which can be used to boil water, creating steam which can then turn turbines 
to.generate electricity. We agaip can see how one fonn of energy can be changed into many other 
forms, , y ' • 

. Electricai Eni^^ ^ 



Have^you ever run a comb through your hair and had your hair crackle and stand Or have 
you walked across a carpet, then touched a door handle, and felt a shock? These are examples of 
the action of electric charges. - * . 

There are two kinds of electric charges: ppsitiye and negative. We will see_how these electric 
charges can become a usable^ form of energy. But first we must discuss some basic concepts.^ All 
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mitteMs made up of very small particles called atoms. Every atom except the simplest hydrogen 
atom has a nucleus which consists of neutrons and^protons, (Th© simplest hydrogen atom has no 
^heutrons-it is simjply a proton.) Neutrons have no 

neutral, ftotons aip positivily chi-ggdi and eve^ prdtomhas the^sart,© amount of charges no matter 
what kind of atom it is from/ • . • % ' 

' , The nucleus of an atom is suitounded by negatively chaiged electrons'. Every electron has the 
same.amount of charge, and "the magnitude of the negative charge of the electron is equal to that of^ 
the positive charge of the proton. Thus iii an atom that is electrically neutral/ the number of 
electrons suiTOunding^ the nucleus is equal to the number of protons in the nucleus, so that their 
charges exactly -WutralizeV" each others If an atom has rnqre electrons tha^ is negatively 

chaifed; if it has more protons than electrons, it is poatively^\ charged, - ^ 



^ A Jn^much^the samg way as magnetic forces operate/ objects wth opposite electric charges 
f =^ attract e¥A other" whU 

: % rod is held in the h|nd and rulsbed by a wool cloth, the friction causes electrons to . 

C^^ansferyfrom Ihe wool to the ^a^. Thus the glass becomes negatively charged* and the cloth 
U P^liMY?]yi^hifg?^ When these: two opporitely ch&rged pbjects are bjrou^t clq^ enqu^^^ 
t elpetrons w^l return to the cloth and each object will again be electrically neutral. This neutralizing 
rvJaction will create a spark in the smdl gap of air between the two objects, 

''^^^ferHaweyerj if a metal rod is held in the hand and rubbed with a wool cloth, it will not become 
'T ^lectric$^ charged. The charge which is created simply flows through the -metal and through the 
hartd of the person holding it. This is becattSMnetals are good electrical conductors. In a conductor, 
some of the electron^ can move about freely ^ and thus move the electric charge through the 
> - ronductor. If the metal rod is held by a piece of rubber^ howevar, the rod can be chaiged. This is 
c be cause rubber is^ an insulator or non-conductor. In an insul ator , electrons are tightl y held , and t hus ,' 
are not* free to moVe through the system. So the electric charge cannot move through the rubber 
insulator and into the hand. ^ 7 ~ ^ / 

Withlhls baakp"ound j we can now'think of electricity as the movement of electrons; 

The examples' of electricity that we have mentioned so far are all examples of static 
electricity. Static electricity involves electric charges on insulatbrs, such as a glass rod gnd wool 
cloth, or a comb in dry hair, ' ^ 

But of much more practical interest frojn an energy standpoint is an electric current^a 
.continuous flow of electrons through a conductor. There ^e several Ways of prqdudlhg an electric 
7 current. One way is by-using the relationship between electricity and magnetisjrn!-Electric charges in 
motion are always accompanied by magjietic efifects. Fqr example, a bar o^ iron placed in a coll 
through which a cuiTent is flowln| becomes magnetized. In this way^ It is possible to make 
electron^agnejs, which%f extfemely useful in converting electrical energy into mechanical ener©^, a 
nftjor component of electric niotoii, , ' 

' Cont^rselyj it was disGOvered that when an elec 
field^tHat^iiT^h^^rer^Where 

If a conductor wire is formed into a loop, and the loop is moved throu^ the magnetic fl^ld which 
exists between the north and south poles of a magnet, an electric current will -be produced in the 
loop. Note that the cortductor or the magnet must be moving^there must be movement/ of one in 
relation to the other-for'the current to be produced. The type ormotion determines the direction 
in^'whicH the current flows. If,^for exampl6/the conductd loop is spun between the pbles of the 



V / mapiet, theielectrom in the loop will move back and forth within the loop. Thjis the current flows 
'first in one^ direction and 4hen in the reverse direstipn^ Cuftfent produced in this way is called 
; . alternating cunent, and this is^he kind bf cumnt we use when we plug something into an electrical 
. outlet. ^ ^ ^ ' * , , , 
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Electromagnetic or Radiant Energy = . ' 

. The jnoyament of electrically :cha^ed particles of matter in magnetic fields produces energy' 
in'the^fomi of electromagnetip waves which radiate fVom the source at Ite jpeed. of light. This 
- energy is often called radiant energy. Depending . on the qqndit ions uner which they are generated, 
^fiese^electromagnetiacw^s may: havexa^ l ong.\ya vej length, whichumeans they^ have l ow freque nc>^ 
^d el^fgy. They may lie of th¥partic^fi waimler^^ the hunian eyevin^ 

which case they are visible li^t waves. Or they may be of shorter wave length and hi^er energy, 
such as x-rays. Thus a ivide band or spectrum of electromapietic waves exists. / ^ ' 

The sun is the major source ofLradiarit energy for the earth. SunUght is ^hat portion of-t^ 
sun's total radiation that |s visible to the human eye. Other electromagnetic waves radiated from the 
„sun are inftared and ultraviolet radiation, gamra^m^s, x-rays, an^ radio -waves.^ -u. . 

■■ ■ ■ ' ' . i 



Nuclear Energy 



Nuclear energy is the energy released or absorbed during alterations within the nucleus of an 
atom. We have already said that the building block for all matter is the atom, and that an atom can 
be considered to be a dense core of particles called protons and neUtrons fonning a positively 
charged nucleus, suirounded by a swarm of negatively^ charged electrons. . 

Any one of the more than 1800 species of atoms charaQterized by the number of neutrop$ 
Md^rotons^lnnthF nucleus 

chlorine with 18 neu trons; in its nucleus is one nuclide^ while ariratom of chlorine with 20 neutrons 
in its nucleus is another nuclide. . 

AH nuclides can be placed* into one of two categories: radioactive or stable. Radioactive 
nuclidef (radionuclides) undergo jpontaneous riuciear changes which transform them into other 
nuclides. This transformation is called radioactive decay, and through the decay, the tadioactiva 
, nuclide Is changed eventually into a stable nuclide. 

There are some 26^. stable nuclides and 66 radionuclides found ^in nature. All the rest of the 
nucUdes are man-made radipnuclides. Thus most known nuclides are radioactive. 

In changing to a stable state, the nucleus of a radioactive atom emita radiation. Radiation 
may b^ in the form of particles, or In the fbrih of electroma^ietic fays cdlednphotons. Some 
radionuclidas decay by the emission of tflpha particles, whieh are high energy helium nuclei. Others 
decay the emission of beta particles, which can iae either negatiyely charged electrons (negatrons) 
or positively charged electrons (positrons). Decay by the emission of these particles is us^lly 
followed by the emission of photdns of two types : gamma rays, which are p-oduced in the nuclete 
^ of the decaying atom, and x-rays, which are produced as a result of the rearrangement of orbital 
alactrons^ Except for their origin and the fact that x-rays are usually lower in energy and therefore 
less penetrating, x-rkys and gm 

- ' ^' . \' ' ■ ' ' i - ^ 

Loss of this radiation changes the atomic structure of the radioactive nii^lide, a process which 

continues until a stable (nonradioactive) nuclide is reached. Uranium, for instance, is radioactive; it 

^ deGays slowly into elements like radium, radon, and polpnium, and finally stops at lead. Tlje time 

i" required for one-half of the radioactive atoms of a nuclide to decay to its daughter nuclide is known 
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^ ilt as th life of that.nuclWe. An atom with a short hdf jife quigldy- decays. Half livesivafy^^^ft^ " 
I ^ \ ^ minute fractiMs^f a sacond to'bmib^^ . - * . * V^' V- . ] 

^ s : V - - As a spurce of useful ^energy, atvthe^ present time - the most importanjtyiucliear re^ 
, fission reaction; When atoms of certaih heavy cnucUdes are bombarded hj^^utrbri 
.."v i ^ ^ s6me of these atoms will capture a neutrqn and become unstable s^^ 
%j ;V two brvmofe mailer atoms^y^ 

r ; V_ pioducts .wei^t slightly less th to the origind atom; and the; bpmbaiding neutronGqmbined ; this , 
' L r^^ energy/as described by Einstein's to 

^ . the ^eltocity pf l^ht :jq^ tohversion of maii info e^ maJces nuclear 

V w ;v ^ ^jfysion;so powerful, Md^^^ chemicd reactions; where 

^dfej; afe * j^g^tbfcth jg gngrgyiap peanualm ^ i ingt antanep Usly 

V J ' :the ^firagments>lose their eherg^ of motion to the sUWo unking materiajk' T^ flsslon 

■ ^ ^reictlbn can then be^^ to JboU watCT^td make stieam; which in t gehe^ate^ ^ 

^: /--\; -:;pl^tricity^/- -^'\,;^- . .v'^ ■ ■ . / ^r,: '\y '^"r-..'. -''J^'--^ 

V;' ' atoms, causing theni to flssipri. This is th^|Jiai^«gcti^ contiriiiejstiiere H 

::^^rv::^-:must^be^enou^ 

tojceep the rate pftfission constants The am61S|it:^J^^ called tht critical 



mass,/ ■ ^ ^ "■- ^ ^ 

Uranium is ^he basic-nudear fuel because it.c^jp^^yMi^-23^^ t nuclide found in. 

na^re that readily undergoes fission. The natural is. 
seven-tenths of one percent^ the balarice is^uranium-|$§ii^triB^^ 



The process of nuclear fusion also releases a tremendoiismrBpurito but we have not 

1, % yet cdme to the point whe re/we ^can make pmctical use oflt. Art fi&ibn^ favo light nuclei are forced , 
together to form a heaviet: nucleus. The fusjon reaction wiU use fo^s of hydrogen called deuterium 
and tritium to make a single helium nucleus and a rieutron, releasing a large amount of eneiiyi; 

Heat Energy . . . \ ? - ■ v . ' 

r Early ^xpervments showed that heat had to be some form of motion* But ohvioiisly an objeqt 
CM be hot. without any motion being visible. Thus the mptlon mult be occurring in parts of the, 
object which are toofsmall to be jeen. These small parts are called molecules. The speed of a^ 
inolecule can be quite larger but the molecules of solid objects move through a very short distance* 

_ The higher "the sp^ed of the, molecules in an phjecti the greatir the ammlht of heat energy it ^ 

|: ^contaihs. \^ , ^ ' ^ i " 

The combustion of gasoline in an automobUe engine produces heat energyf or high speed 
motion of the molecules in the cylinders. The motion of these molecules against the pistons make 
the engine run» Thus worlds obtained from the haat energy of molecular motion. 

\ ■ Note that heat^and temperature^'are not tlie same thing. Temperature measures the avera|e 

^ kinetic energy of mol^ctiles in an object. When an object is heated, tMs average apeed is increased, * 
and the temperature ii^eales. The ampunt of heat in an object, however^ depends on the number 

^ " :^ioflnrttole^ 

temperature as a q^art of boilftg Water, but the quart of boillnj wafer has four times as much heat 
energy, since it has fouf times as many molecules. ^ * . 

, V H^at.can be th&tjght of as the simplest form of energy, since it is the form of energy into 
which all other forms can be most readily converted. It is also the* form that is most difficult to 
convert into any other form. ' 
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ENERGY TRANSFORMATIONS ^ . ^ 

We have already seen that energy can 6e converted from one form to another. But hcf one has 
ever founds a/ way to create energy out^of nothing. Furthermore ,C there is no<?known way of - 
' "^destroying- enef gy^ner^ is never lost. IJ^der special, circumstances, energy can be converted - v. 

into mafter ajitf .matter into^ energy, Taut this is still transformation, not creation or destruction of 
^ eneigy. . ^ r - . ^ ' ' ' ' : ; ■ 

Onp of the biggest problems with ener^^ p the' fact that when energy is converted from .one 
form to anotKaf, some of the energy is wasted. It is not destroyed-it just changes into ajorm whafe ' 
- it is nQ^onger Qf practical use. This form is usually heat /which escapai and is jevantual\y dispersed 
■^«^into space^never^to^e seen^againr-^ ^ ^- "" - y-^ ^ -^ ' - - -^ — ^^^ --^^^^^- -- -^^ ^^^^ ■■ 

^ Of-c^rse,fleat ei\argy can'ba coiiverted into other types of energy, but a great deal of effort 
must go ijifo the trans&nnatioik On the other hand,^other fdnns of ener^ can be converted into J; 
^ heat much mdfre easily. There thus seems to be a definite dirggtion-ia which energy seeks to flow, - 
^ and this direction is toward a dilute, .scattered fbm of energy, S^^sts call^this form "entropy;J^^ ' 
^ and its^ precise^ dafmition need nol concern us^In practic^al terns, it means^that Merg^^ t^as 
• become so dilute and scattered canno^be used ever again to do work. - ' ^ ^^^ 

This inherent WBstefl heat energy ' represents a permanent challenge to the energy 
.consinrationistSifit is eriergy "dow the drain" as far as providing useful work to meet energy r||^ds. * . 
^ We: must laam to 'reduce energy waste to acceptable, levels, ifceping in mind -thaf complete 
elimination of energy waste i$ impossible. . r ^ ' 

MEASUREMENTS OF ENERGY ■ ^ / ' 

; ^ We naed not~Goncem~ourselves~with~m^ Energy meisuHment^butT 

^wa.do need soma basic definitions to sarva as tools in talking about^energyv ► . v ^ .^^^^ , 
_ ^ ' =" ■ . ^ . ' ^ ■ ■ . ^ -. 

A baiife unit of anargr measurement is the British ^harmal Unit, or BTU. Ona BTU is the ^ 
miount of Jieat anprgy that must Jb'a supplied to one pound of water to raise its temperatufe one 
. dagres Fahrenhait* . ? , . * ^ . . 

Enargy from all Juals can be converted to BTU"s. Approximate conversion rates ar e pS 
Ibllows: 1.. ^ - * 

: . One 42 gallon bwel of oil ^ : . ^ 5 J million BTU 's 

■iP"^ — ^ H ^ 031 BTU's * 

^^ ■ Oniq.ki]dwatt^houi^ — J413 BTU V ^ . 

Ope ton of coal ' . — ——25 million BTU's . , ; 

The word power refers^to- the amourit of anar^ used or produced in a given amount of time. 
^ One important unit of power theVv#att. One watt Is equ€l to 100948 BTU per second. One 
: kUbWatt is 1000 watts, \vhile one megawatt is 1,00^ . 

The klIowatt=hour js the faTmli|r measurement^ of electricity. A kilo watt'hour (KWH) is I000^^_ 
^ 'wattsbfpbWaf used^^^K^ ^^^^^...^ 

^ i All electric appliances and light bulbs are rated in watts. For example, a 100 Watt light bulb 
' will light for 10 houo with one KWH of electricity. An appliance with a rating of lOOO watts \yiH 
' run for one hour pn one KWH of electricity. " * 

In biological processes, the unit of energy is the calorie. One calorie is the heat requifed to 
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^; raise the; temperature of one gram of water.vone.degree'Centigrade/.Th^ (note upper case G)! 

is called the kilocalorie, and is equal 16 .1000. calories. One Calorie is about 4 BTU. \. /L * ' / = ' ; - . 

ENERGV.^D THE UVING WORLD/ ^ . y ^ : ] , 

*We liave discUssed various forms of energy, arid their transformations, Lat^r sections will deal^ 
, wifh how people use. these fohns oTenergy to do. worfc forjthem. But before we leave the general 
topic of energy, let.us examine some aspects of energy as it pertains to the world around ua: * - 

As we have said befofe," the sun provides the 'energy that- on eatth. The suji^has 

. probably existed for some five^or six billion yea^. It is really just an ayerag^-irhiddle-slzed star when 
:;,compMed-withlthe^^rest^of^the;stars^in^tHe^^ 

jelatibn to the sun. The earth is^ust the: right distance from the sun to support life as we i^now it."" 

The exact source 6fH[he sUn's energy Js not TeaUy known^ It ha^been theqrizej th 
a giant fusion feagtof, fusing hydrogen Jnto^heliuni and cbnv^ing tjf jn energjf* 
It is believed t hat^,the:^'sun^ produces more energy in. one second: thio^ftas^bee by^all people 

throughout human history. . ■ /^^^y!^':'^ ' \ V. - s 

^- w The tremenfious energy produced: jjy the.sun radiates out in-^ll directions; Only a very srnalL 
fraction (one t^yo-b^lioJ^th) ever-reaches the estrth's atmqsphi'ey^Not jall of^ reaches' t he 

earth's surface. Tn^ fact,^^ . 40 percent of. the^ solar radiationHs'jefle^ed :bacfc to space (mainly .by 
clouds); 17 percent is directly absb^ed by the atmos|?her6, including watfer vapor, clouds, art<l dust;: 
TJie remaining 43 percent is absorbed by the earth, and is usBd to^powerthe> wind cycla^anft: 
ocean .currents, and to. sUpportTyife* Actually J on^^ percto,t^f the incoming splar^ 

radiation is-used to support life through photosynthesis. j ' . *. ^ 

T he earth's atnriosphere plays an important part in regulating the; temperatures^er 
earth; Because pf our atmosphere, we do not have the large temperature fluctuations that are fopnd 
"on themotm;" - >vr -. " - - r-- ^ ■ ~ ' - - 

.Another beneflt provided by the atmpspftier^to what is called the "greenhouse ^^i€t/^We_ 
haviB i$i4jthat 43 percent Egdiation from th^fsu^i that reaches the atmospher^^^^foitly visible 

light, .passes' th^^ the atinos^afe and is absorbed by the earths tT^ 

tinfrared fadiatlon) and irradiated ba^k toward space. TheSvater vapor Irid car^pm dioxide fotipd In 
the atmosphere are good absorbers of heat. They then trap niucH of this heat energy ^d prevent it 
*fgpm immediately ascapingj bapk into spacfe. Thirf^eeps the a>^rage temperature of the earth higher 
than^it would be without the.atinospFfe^ 

The greenhouse effect is also the center qf one pf our modern-day controvereies^ One jroup 
of scientists is prpalalming that^ because of all the smoke are generatipg by'biifning fuelSj we are 
going to block off enough incoming sunlight to lower the earjli's temperature several degrees, which 
would* be di^strbusi Another group of scientists argues tltat because of the large amount of carbon 
dioxide^^iS^e are generating,, also through burning ftfeb wHl trap more heat in the, atmosphere, 
which would raise the tenipefatu're of the earth several degreei ind also prove disastrous^ Migfif the 
production of energy prove in some -way to belthe downfall of ^le human race? 

. . Onlyr.pre^ 

then depend on the green plants for their life support. 

Green plants use solar erfergy in the process of photosynthesis, where the sun*s energy is 
transformed into chemical energy and stored as food. As the sun beams down-on a green plant, the 
plant is taking molecules.of water, minerals from the soU,. and carbon dioxide from the atmosphere, i 
and is using the siin s energy to combine tKese molecules into various new airangements to form 



: sufeafs, starches^ proteins, and vitamink Theia new ;molecules qontain the chemical energy that other 
organisms .will:then use to sustain their life. , l '^^ , ' - ' - ' ^ 

=^he process whejeby animals^use the energy storeld by pfahts i^called cellular respiration, and 
is really just the opposite^ of the process of photosynthesis. - In cellular , respiration, the food 
mQlecuies (sugar^ starch, and protein)- are torn apart and energy^ is released, wftile cafbbri' dioxide 
and Water-are produced. The energy released Is then used^by thi animal for motion 'jrowthj ai^d 
^other life processes. ~ f / ' , ' / \y 

V'\;> .v:Somf of the energy fro is also stored again in the tissue§i and fat of tffe anfmal. 

.Thus if an Mimal is eaten by another," tiie first animal is 'providing energy for the.nepjt^anima^i 
■^energy-^thri^actually^.oripnated in the sun, -^^ - -^ ^ ^ ^^ 

^ Thist process of passing dn the sun's enirgy^^can -co ntmue'fe^^ 
most ertejgy transfonnations, energy is being lost-at each step of conversion/ As the energy is passed 
from one organism to th&Nn^t, most of it^Sff^^^^^ 90 pfcfcent) Is lost through respiration^nd heat/ 
and only JO. to 20 percent^s available to the next organism. 'Because of this Ibss, a country that;eatsV 

, large ampunts-ofmeit^ like the' U^S,,. has to pi©duce many times more /plants, (grains) tosupply ^ 
everyone .with Yood-than a~country~suc^^^ the planfs^^bffectly'; Tn- 

.other: words, eating ,meat can be coriteidered a waste of energy, because so much of the energy is 

^ lost as the com and wheat 'are transformed ^intp'the meat of the animal: "y ' ^ 

• - ... . ^ . i ■ - ' ' ■ " ■ ^ -o^ ■- ■ . . - •. ^ .- - . ' ji'.^ 

The sun provides, the efiergy for . many -other phenomena; besides "life support . Wind . is caused 
by the* uneven heating and cooling of different parts of^the earth by the sun. As the temperatures of . 
two different Tegions of the earth are^unequals the air pressures over these regions are also different; 
and winds are produced. The energy in these winds may then be used for" various purposes, 
including steering weather systems, driving ofeeah cumnts- shifting desert sands^^and powering some 
.ijnachines^^ ^ — . — * ^ - ^ 

The suhs^energy also drives wfiat is known as ^ the water cycle. It all begins with the sun 
causing evaporation of water from the land and oceans. The water vap6r later co^enses and falls 
back to the land' in the form of rain or show. Gravity causes the water to run from the land^back to 
. the Scean^ . ^ . ^ . ' ' ■ . . - ' 



' ENERGY: ITS PAST 4 u \ . " 

From their earlifst p^ris, human beings have soujht to ease fheii; labor through the use of 
tools. .Early hunters used tools to kUl animali, and thus obtained energy from eating the "t^ispn and 
mammoth to supplement the energy they received from eating plan * 

The most vital Stone Age dispovery was how to make fire. ' - % jU^ 

During the later NeoHthic period, humans usfed stone topis for agriculiure; and were able to 
produce renewable crops. The' first stable communities bega,n to develop, and various forms o£ 
h0Using-were^built,^Xhese^p4mitive dw 

area in which they were located. Thus communities rould flourish, since the populaTion did hot 
have to migrate with the Masons to escape pnfavorable weather conditions. , ti 

' ' ^ V " ' • " ' ^ f 

Further technological progress brought the ability to mine metals and use fire jo forge them- 
into tools and weaporiss^^ First came the Copper and Bronze Ages, and then the Iron Age, which may 
have begun in Africa'or the Orient some 2400 years ago. ^ 



Baforf the time of the Greek aiid Roman civilization the only significant energy sources were 
natural ones. The power of falling water was used by basic industry, agriculture, and mills. The 
power of the wind was used^for ships, and fire from the burmng of wood was another energy 
source One major source of e^eiiy in both Greece and Rome was the energy of human 
bodiei-particujarly slaves. From the Greek and Roman era to the beginning of the Industrial 
Revolution, lophisticated tools were developed, but they were still powered by humans or animals. 

Between the fall of th^lonian trnpire and the la^t few years uf the 17th century, many 
important inventions were developed and ^omc of the great law^ of nature were conceived. But to 
bring about the era- of modern technology , an engine was necessary that could mc an energy source 
and produce useful work. The water mills and windinilb were liniiled to specific sites, ^nd there was 
no way known to transport their energy to where it was needed. By the end uf the 17th century, 
this engine appeared. In 1698, Englishtnan Thomas Savery obtained a patent for a machine which 
used fire^to Jboil water, generating steam in a boiler for use in draining water from mines His steam 
engine pump was saon iniproved upon and ihcsc engines made possible the deep mining of coal, 
which had previously been hampered b^^cau^e of the buildup ol underground water in the niines. 

^icaiii engine had L>ewunu. the luieiunnek sA lu^whajii^cd lii^atiuti. i hyy ci^i ,,seU tui pUni|iiig 
water and supplyUtM pOKer tu IcAtilc liillU roUiug niiils. and tluui inllL A ijlci lucEKthiough. 
came with the developnieiit uf engiiies lhat could use high picssUiC steuin, mukiiig the engines much 
more etfRlcnr. With Rol)eit Fultun'.. siu^ceasful ut^cratiun uf the sle^iiibuat Clciinont on the 
Hudswii River iji 180/, and Kjchard lievi thick's use ul a ^iea.ii lowUjnutlve tustranspoii coal m 
Wales, the niodern era uf infcchdui^cd iranspurtation began 
f 

wi th_i.iniod_^ udHj^^a VVhwii these sci^ntlth yiiiit^lples k.uhio L\ be Uiider^tu mI bliji t.. uiui bettui 
cilahics cuuld be buih 

Up unill Uic ^ ^.ti.i I. .ill .ti ih. 1 ti. .ii... ,1 *i ii .i . 

^iiiftiaAiJy Jiiuscli^ pOWey uf h ginmiS kiidi ^. iiiwdlo, aliHi^ ^ th IillL^ w l^J, ^hm luhUi^ N'At.ti. titti&Ly 

percent ut the fuel buiiicd lit 1^50 Waa wood ( A*al tii ui>(iiitcd £oi Ktniy 1(* pti^ e I dcapHc Ihc 

presence ui pUiity kA coal uiid the t^ ..luii lugy l* us^ u Bui Ih^ii ihy Ivt vuilli.j^ it toiesii In 

the tdSt talked lliL piii.c k t w njd and iiuaea^^.tl ihc di.taiit g ilii { 11 l^ad Iw t> - hiin:}p .li^A lo Ific 

giowmg cities Su ih^ uiiwid ^.u.J ^ky lUi.i vUe 1 until i.i Ibdl coiA ^n^.i^acd /v<jud as the 

domlnai,!. tUel In iBS^, coal w,*a i.^td I . tu*.l ih,; i alJi , j^dij iv* ..i.ij.c ,oki^ jtjk the ale. 1 luJu ti) ii» 

puwei ii.i^cellti iciiins indcistih.s ^ad 1%. piuvki.= tejiU^iitiul fUi^i i/Uai wa^ i^^ .yiuUu ii i^ Akhhii inl 
fuel Uiitll well hito thj 20th t^cuUny 



..a. I .nueil I / pi.MlUt.e n^A w^id C/.^JtiuJu * pl.iu ' .'i * i'> \ t it. .Uu ..vay i-li^l i..* uaJ 
dt¥ loped a ^u^l gas pipclliii netv ll, hh liui Ai ^ l j Ui; l iM^MthllOu an*i unde\'eh.ped 

codl induct./ lit the (JiilteCi States .naut; j ii iw% ik i^^iil. ,lly iiitpi^c^h. £il l^nially, 

fcugj^aiunan iltvls^ d ..ietiiud A piuu.iuhi^ ll tik. i u .1 v hi n liii «..ilK 1 ^.uliI uil ui herusine. By 
the late i8i0*s, th^rt were n any kci^sinc pL.nU liu t lUni 11 6 llica sumc pet pie begaii to 
liutiL.e a lesciubldnce betwi^^n tlu keiuahu and lit< lai^' 1^ muci^^l lOt^k ^ll that Mitnie out ut 
Springs a. id WcUij ni \a jstcm Pciinsi IvanU h* IHtjJ a Y aic i,L,;iiilati y ^ iutea.ui Ldwili Diak^ hi. ed 
by a gi jup ul Peiiii^ y lvrtui& liUslneahinen i ihi I c .iisylv.uUa Hui.i < >li ( any gi.vt hia icpuit 

on ^wu^e o{ this wll He cunw^luded iiiAi s.^^ije '\ery vdluablc |U4>tniuls' iiii^JU maii it^it^Lu^ 1 ti^jiii 
it ^rijling lathei ihai* digging. lurneJ uut bs Ihc beat way ut ^^eltinfe U. thg *.>li and in 
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September 18S9, at Titusville, Pennsylvania, oil was struck at a dept^of 69 feet. This was not the 
first oil 'Well i|i history-the potential value of oil' had been recognized centuries'before. But it was 
only in the Western industrial world of that time that science, technology, and society came 
together at a point necessary for oil to be exploited as the concentrated fuel that would eventually 
replace coaL, ^ 



The crude oil was made mostly into kerosine. Some of the other products ^erc lubricants, 
which solved another major problem of increasing mechanization, and fuel oil. whuse ubc grew as it 
began to replace coal for firing builert fur iteajn generation 

The use of ^team tui railroads and ships was a*Bigai Um iidji^inMiuU.in u.ii . i^i^* 
bulky and ineffrcient fur use in any smaller scale veniglcs Wlial wa^ iietdcd wa& a biiialici ci^giuw in 
1870, inventors began testing an engine using gasoline in a comi^ressad air-gas mixture Up until this 
time, gasoline had been a generally useless by piuduct uf^ kerosnie le fining In 188 / a 
gasoline-fueled engine was adapted to vehicles and ihe fiisl Beh^ aiiiuniubllc was p.ilcnUd i his 
engine was the furerumier of all iiUerual goiuLuallui^ cugiuc^ in opciaUun luduy by 1^00 inany 
autuniubiles fiad been built In llie ilnlteJ Statea inusl diem ^Itaiu ^lilv^a aid uii,..il) poxvcicd 
But the increasifig availability ut t/ulh tuul and lhbii<^aiiU tui g.iaulluw puw^i^d aulunu^bllk 5 ^pccdc^l 
theii dtvelupment They wete light niaiicu\ liable laA i.nd «.,oin.pijlili\ in.vual lu I'^Oi) ihc 
OldsiiiOblle switched frOn* steuin to gasuline and Uirec 5;ai.. Idler Hem^ i\>id i.sU ,diu.ed his 
gasoline-powered autumubil^^ His nias^.-producLi.)n iL^hnitp^es le ululL ^lUcd i.iduali/ 
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hdisoU hAmself, hOvN/e\jr. saw nis own Clearest a \\\ ^e\titiA lUM .1.. the liLnt nself iHt v nld' 

fiisl elctt4li.ai puwci gcntiallug aiul diSlilbulU/ii i.i i 6b 1 mpci isi.d Ui*. I ,*n,lhj^ ^ t Ihicj 
system to light i 20U lanips Ul a t>i.e halt stpian inlit t^.^^a In Ml v \wik i liy y dr * , ii iy ^t.n .1 « lU 
station ..t.;ii3iste J ut tuiii liulK 1:3 wni^ h pu>aiue^i SLuani pi wv 1 ^i/^ 4|en<^i .iui^ 

4 • I 1 1 _ ( , , , i • . J . . , t I 1 , 4 . i.li . ,1 , I 111: ( 1 \ ■ i i 1 

. ..iicilly put I..C islotja englnti i.L inc jlsi- J5eii cjl t. ^ tiui tv. {} isli.j^;. 1 i , , ^ .m* 
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Total eneiiy use in the United States grew much more slowly after World War I, and the shift 
toward oil continued. Oil overtook coal as^ihe dorfiinant fuel just after World War II, and has 
continued to claim an increasing share of thl ma^et. This shift to oil was brought" about by the 
growing use of the automobile, and the swyfch from coal to fuel oil for residential heating and 
powering trains, Gasoline's share of the petrwleum market increased very quickly. Two other uses 
of fuel also increased sharply during the"-xy ll| ^ from the 30 s to the 50 s: aviation and farm 
equipment. The major petroleum product bein^produced was thus changing frum kerosine to fuel 
oil to gasoline to accomiiiudatc the changing patterns iii cuiisuiuption, There was also a large 
increase in the use uf asphalt, anuther petruleum produgl. lu pave ruads 

v^hiw ^iid West Vii^aia e-£iliiurnia aii4 Oklahi.iud .iiid ilicn Ica.i^ and 1 uiii^iuna ^ 

* • • 

Nattiial ga^^ whi^.ii 1^ ti.^uinl in Uwii iilj \a jiHi3il> wa&L^^l u.iiil (ht^ laic 

IViUs when it bcv;anic l\i\o\o^l^My feasible iu ilic pipcil.ic tw Irdii^ip I it TiaCurbl ga^ v^a^ 
jjean buniing Lonveniejit, cheap, twid it ihu^ Dccurae the luitiwii'^ pninary lioa^^ehold fuel by 

1 9dU OdA al^t^ tuund use til lJid»isliy. dtul t^*i ^le^tij^.al pov\ ;i g,.n4;i aliwii 

W,ji I uiilil 1 973 tjt^I ci^^ii iK. pu iver de.j.*Aiid hjd becii d^Miblinj u^^cry 10 > iars In ti.e 1920*5 

and 1930*5 ^k/ai waa itic Iu^jI iKfi tibwul 1 Ihlids tl ihc eio^.tili. j o v*;i g^ .iCialctl witli 

hyd, Milc^tilt yuv^ , I yi vldt.,^ Lliv ( 1 iic ghltC lu Ui. 1 ii.,iuiai ii4iJ «.l.dn^cd ihb latlu 

significantly, antil b> 1970 wu.d had diuppeu iu abuut A 6 peiccat, h) diL .^lechi^ puwei pre 'ided 
17 pc;iuCiit, liatuiui a^.v-i^i i iiLca l^ti aJna^^L 3 i-ci^.cin, >U ulMjuL 1 i p^i ^.uuL , aiui a v\ 4j^>iiici {u 

tilt tlicl 5t,tiic !iuwl»..ar i^uwci pii;\ulyv! uiit^ |m h y.U 
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At the beginning of the 20tH century, scientists were investigating the rays given off by 
radium. In 1905, Albert Einstein demonstrated mathematically the relationship between mass and 
energy, although it was decades before this theory could^be^proved. On December 2, 1942, a group 
of scientists headed by Dr. Enrico Fermi gathered under a^ squash court at the University uf 
Chicago, where the first controlled jiuclear reaction occurred. Scientists have since buen working to 
safely harness that treniwdous nuclear energy for the generation of electricity The nation's tirst 
prototype nuclear power plant was built at Shippingport. Pennsylvania, in 1957. 

in Lhe ycais alll^e WuilU Wai 11 gncigy cunsUinlng lt;i.hnulwg,y hti^ appuaiu^J ^vi^i^wlieiw 
t>\uiiig tills pwilud u liugg tlccl K)t pa^Cii^ei airplanes lus dgvclupcd , thcTtJ has a** auloitlubllc 

"population explo^iun " Air cunduiuiiing, ucutral heating, tclcvi^iun^ kJuthcs washeib and diycis aic 
generally thought of as necessities, not luxuries A mechanised agrieultural industry uses 
tremendous amounts uf energy. The various engines ihai perforin Am^ica's work produced 7 5 
times the numbci of huiscpuwci in 19 71 then they did in 1 S^4() wiulc the nuadjei ui people in the 
couirtry ijicrcased by only 54 pijewnt r.ven with llie sluwuig pwpulation^fowih uhjre and luOre 
energy is being U3wd 

I ..i ,iSt) d.. a baslw Uivy .iiiL iid l^ji pldSiioa p<>;5ti .Jts aw . ^iyiilii.iK; n^t. ^hei lu t; ^ /^on.. 
aIa^ today nas b^ in > ears artLr tl.b fossil fuel cpueh began, aud vvv have Landed tu t as if w^ 
eApet t It gt> fu.Jvci iJut l>i iVl K tlut^beil ll ^ U S ijcoK^gl, ul SuiVtiy cslimMlcj \UyA ni a 
periud oi only liJU y^an, tuju* bi^h.nliig Lo eiid hanii.n^ will have ^.Uiisunied ih*. wuiln's CiiU.^ 
available suppl) of fuisil fu ds Thi^ h illuslratad i,i Fignie I Thus the worid to. lay is on the brink 

ui tiarislllon tiUiU ilie fv>S3li fuui ugc lu aunie tUtUi^ \ i^^igy tiu As w,. huvc seen tiuili ll.la dl5i..*iS^lun 
ut eneigy hbtuiy hu.iians liaVi^ ino cU huin Ont. hijlepu.Jl \ . aiiulLci w.ii b*. . aus^ liic i>ldsuuii c 
vvt.a dcpUicd bul b.;* au^t ih li fj tUi h^d l e*..!! fuund tak*. iUj i lui i 1)1:5, f\ tlJc liCw 

pifL'i cd^vi lleplelKi 4 ul' iht t>ld P^Opl ^ did i^^jL 1 ,in I wl l! U5 1^ Aiiul iillli!l.jl4 hH^^ SliJid) 

tvMinvl 34.i.,lcCtUU|| tji, tlv^. bt I till lUiie iLt^fs iitu I l**, a . t aUJC a^.U^ , * J i i ^li .\ aiul In Ui*^ 

nieantime/ until the l, ,nbition iu ni idc \ c lui.st v. )nucivc i\^c h;s il fut i iJsou^^u^ \« j huve l)y 

tvJpii. <.>l 4L.*.)nSL i V al lu u ,sdi a t ; iiid. * > 1 us . ui i lo j 1 1 SiH . all ) la . i^, ul I villi 11 a bd i ..c . U. > i i 
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The .following sections deal with each of the five primary energy sources of Figure 3, as well 
as one secondary source^ electricity, 

COAL 

Basic Informaiiun f ^ 

Coal is by far our mosl abundajii dK)iiiestic tu^sil t\4ci iw^uurctt will. idciiiHica ic^civc^ 
3uffit.icnt lu meet the natiuii's Utcd^ fur 411 ^stiiudtcd iOO y^^ars u* inuie 



Ui^ail piaiii^ ni early sitagcs of decon.pusitiun Fc^t is u^udlly* fuiiUtd u_\ uica^ ^u^u dihp^ 
bogs vvharc waier co^^er^ dead yegettttion that lias a«..cumulateu on the gnaind. fhc vvatji blocks the 
ai^tiuii ul bdi^teii^ froui the ali . greatly sIuwIum the taie ufdcgay riil^ wausc^ uiu^t uf ihw udibuu in 
the ^Unt niaCter lu be letained and it is this caib^^ii thdt piudui.cs hedl when buincU Aitci layers 
uf these plants hdVe been buiitd fur peilud^ of db^ul 1 0 OUU ye.na Ihcy Lci.uiue ^ ^.a i'cdi 1^ 
jWiiish bl^ck and looks like decayed wood When dried peat Cun t^burneu but it Inis u i» latlvi iy 
low energy conient ind is very Mnoky Peat is used^as a futl in many dfeas of the w.)Ud 

3 ij .\% th^ peat was bunjd bt/ow the surface^ inc/^asi.jg l^i.iperat\i,c unA \ni*^%u^ i began tj cvn . nt 

11 to i.tial 
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i I .J. J 1.1 s . tptiiU V iw inliiti .■^ ii It » M. i l c i . ^ i| i Mii , d ,1 ! 1 * . . Ml i ( 1 n i ^ 

. . 

-i, ; ',/ 4 > i. lu . l i 4 1 , '\ 1 , i *> I ^ ,! ^b , i I , 1 ii i.. , , 1 . I J 

,1. a. .i>Lnii pei .-31.1 l.iv.' i L.ji ,i..lbi^kil . i ,i ; ,u . ,.1 . .1, 1 I. , , .1 1' I .1, 
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Slightly more than half of U.S. known coal reserves are west of the Mississippi River, Because 
of high transportation costs, it is not yet economically feasible to use this western coal in the 
eastern states, evin though, its iower sulfur content makes it more environmentally acceptable than 
eastern coal. 
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Transportation of Coal 

Transportation of coal from the mine to' the place it is to be used is a major undertll^iftg, 
since suck large quantities are involved. Transptfrtalion costs gan account fur as much as half of the 
cost ot the coal to the user. About 65 percent of the goal is transported by rail, 1 1 percent by 
barge, and 12 percent by truck. Another 1 I percent k burjed in "mine mouth" plants, which are 
generating plants built right at the^od inhi^^. A siiiall aniuunt o^f ^ual isgunvcitcd to a "aluriy." a 
mixture of coal ^nd water, and transported in a pipeline 

rranspui lation ut i^uai t.uuUl be a uiajui pi'ubUni u . ^ii ii. ii4.n-,*^*.„ .ig^.iili, uiuli 
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degrees Celsius, Some possible consequences of such a rise are wamiing of the upper laye;s of 
the oceans, a rise in sea level* and changes in the polar ice caps. The projections and predictions are 
very*tentative-this situation is so complex and the future trends Ln enfergy use are uncertain. The 
head of the National Research Council study believes that fur the next 30 years ur so il is bdic io 
use coal, and hopefully well before that time more will be understood. ^bout the ettecis ut carbon 
dioxide on climate. \ 

A major pollutant tiuni the burniJig ut coal jiullui UiumiU^ wlihh u u .^.Kniw:^^ 
piuduced when fuels guntaiiung suUur die burned buliui dioxide attci u the »^S|4i.auiy ^ysuiu 
which iji^ludcs the lining uf the nusc iluXidt. and hiugs L^^i^cs^ aiiiuunts tj( aiiitui dlOAhl^; iu ih<; 
atmosphere cause damage to plants, tites,and somt. strugturcs, Law-suUui coal, piiiiiaiUy tiwin Che 
west, can be used tu ineet tnvlrunniental Piulegtiuu Ageiisy standaids foi sultui cini^aiuns But ihi^ 
often nctessjlates large costs fur transporlaliun The pnncipal upltUn^ avdiUbk lu^w hji i educing 
^ullui cuU^^luit^ hum Iilgh SidtUi ^ual aic cle«iiUig the \.ual bcf^M^ it la lMii»»cd uui thiy gaa 
sgrubL^rs tu coiiiful tlu cniissiuns uftcr Uic v ual is bui ued 
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A growing concern related to sulfur dioxide and oxides of nitrogen is acid prp cipitation. The' 
acid-mosily sulfuric acid as well as some nitric acid^is washed out of the air in complex-chemigal 
processes during the formation of clouds and precipitation. Sulfuric aci4 the major^ffender, is 
formed in the dir by the uxidatiun u( suirui diUAKic About half ut the air'a mltui diu;^ide comes 
from natural sources, The other half comes fror^ the burning of fo^air fuels, particularly high 
sulfuf coal 

Thus fu53U tuai puUiaauU aic aiMiiUlcau tl> ta^.i^a^tii^ liic u^iwuiii ,,i at,ia 1,1 1,1^. ,,,1,1 ^liww 
HaillwUlarly in thw ca^icm purtlu.ia uf the Ijiuled States Acid *^cipildUui. K.an kin ti^l. anu olhci 
wUdUfc, stunL ciupa and luitsli and daiuagc mulal w,.,m1 and alOiic Iuiks h Ii^l uul t^ccii 
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Table 2 

Eitiniates of Annual Healttr Effects 
From the Use of Coal in One 1 ,000 Megawatt Power Plant 
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generate electricity with steam. We have previously stated that when enefgy is changed from one 
fonn to another, as it ^s in the generation of el^tricifyViOme of the energy Is wasted. In fact, nearly 
70 percent of the energy pruduccd in an electrical generating plant goes iiitu IIig enviroiuuenl as 
waste heat. As the heat energy of the steam in a*power plant is converted to mechanical energy, the 
temperature and pressure ot the steam decrease Thm steam, called "spent" steam, is converted back 
into liquid water in a cundensci. The heat remuved*frum tlm spent steam is the waste iicat that is 
released tu the ynvirunnie'nt . ( unden^tion of tiie spent stcani is accuniplishcd by f>assing laigc 
aniuuntb ut cuuling watei thunigli ihc ^^undcusei This L-en)ling vvatei i^aii suiuetliiic^ be taken 
ducctly lu>i!i a iicdiby iivi..i lake wi i^^iici laigc bvidy QI watci n&cd ii. ihc » uu.ilenjjci uHvl then 
rctu^ineU tu its suurcc 4 he bud> of cuuling vvaler .e^wntuall) loses the added tu the 

atniuspiuic; 1 hla typy ul t^ouiing is peinlitted Unly it the volunie \A watci is iai^w cuviugii that 
uiUy negligible temperature change^ occur If the tcinperature ^.h^nge in tiio LuuUng waiji ,^cLc 
U>c> laige It i.ouhl up^wt the Ct„ulu^it.al bulanv.c peihap^ killliig sv^nic t) jig^ iA uquuth. lib uiid 
f^v^.iiiig [\ic growth of ollters In such ca&eb sonu utiier type i>f Cooling jysten. vv./uKl be ic4puied 
1 he use ut ^ i)A.)ling iuv\ jii* can take thk, stiaUi wtt tiatiual WatiJ wiiys In au.h a Lysteni, waief U atlU 
Jias^ii i.uiii a neaib) waljiw.y ah.l ii^ed Ui file cuiiJenSei It is liiui. paa.e.l tliix^ii^h t i^ llUj^ 
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are suspended in a stream of air directed upward through a very^hot bed of ash ancf limL-stone., As 
the ebal burns, calciurh in the limeltbne reacts with the sulfiir dioxide released froni the coul This 
produces calcium sulfate, a solid subsidiice which ii rcmuvgd along with the c^mI a.^h riiu.^ the 
sulfur is eliminate^ from the flue gas. Fluidized^bed systems are moit; efncieiu tlum ^ unvlntiutidl 
boilers But they are still very expensive, and so are nut yet in widusprcad'usc 

C v^ai wan be* LuiinjJ lulO a xJwau. tjui niii^ 1 u,. lini^uts , udl i^.. ii. .i h,. 

kiu.vMi dUd used tor lUdl.y ycdi^ biU thg gas th, > p...diu.g is jiigii it l, .iiitl) ' niUiC a^u. tli.ui 
ntiluidl gas Iji t.v)al ga3iflt.dUuii _ ttu i.ual U heated alv/.i|^ with \vatei Ui tuuu a gas whi^ h i;, u uii unc 
of carbon .noiiuxide and hydrogefi; Tnis gas can be burned^ but a has a low heat vahie liS 
mdustiy 1^ currently lisUi^ such *'luw B^l/" gubithaUoii tu a huillLd ..hU.a In luMhLi li^hinn^A 
step Ihv t^urbOii iiiOnu;^lde leaets wHh stddiu tu piudiu c v.alb^^Ii dlu^i^k- \\) Ai,,,^.., and ljydiut;^ n 
siiJfhi^ ihus iUk. suitUi nui-uiiticii call DcieniuvjU fluiis iht gd5 I'lnlhei .ud^tioii w id. h Jii>^^n i.^ 
netcssu. ) uuul ii,i;lhaiit gas Is tuuucd icuiliji^ iii a liial ^ah b.. u^cil a ^lU^^luut.; um ii.ii.i, d 
gas One .eiluu.j piubleih wuh ^ual ga^lih;atiy)n U. Ih^ ne^^d fui lai^ uiuwu.iU t.l W,ii^ . u d 

to piuYiUe the hydiuggn in ih.; Masdh dlluii pu,^.^ ^-^ jnd i^ ah.w u^^ d Ism . hi. ^ Ab,,,il . j i.ul , 
ut Hatei ill be needed lui cat ft puund v)f jual piu ,.^3, d U ii I n ( ni, jtei ) mu, h ,d U ic i. u In^ h 
VV4 idd be lised to! gaslti,:ati ni IS lotateu In arid fegi4)n^ ut d.e v ounti y unn \a^^uI 1 Jiino J su be 
3iutav.»- n.liied 1 h,; watct neC^^ssdiy tui . lann. I iwi 1 In avldllrni U/ itwi n*. vh.d li. ilk; 1 . .1 1 . ,ni 
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" (uf petroleunU i^ui* naliuii a nidjui uu«^i^y suUiCd, pluvidltlg licaii>' hail oi wui uliCigy 

bu,t,Lhc United States able to prui^Uuc uuly abuut half ut' its oil needs' m)in <ifinestic 
resource^ -the other halt must be imported lim h^^ led tw scriuua ^.upi;ly i/rublcius diid ^gunom^u 
difficulties We will deal here with some dspccts ut uil use ^iid uil auppliea but Ihc ic^dei nuidt keep 
ill mind, thhl the oil sitliatioil is so ^uinplc;^ and ^ubjei l Lu L,hdiige that U la ncd^iy hnpussible to gel 
a handle on it," especially in H few pages 
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i^iMuiiis of minute marine anhnaib and plants that ia tiled dV tlie bytiom of ancieuL ^cdJ UiillioiJ^^f 

ycai^ ago I hi^ uiganl^ lllat^ilal as then binitd uiulgi I«yc.a alU aalid and uiui wiii^ie it Vas 
sluwl^ tiaM^tvilliied InL^^ ihti hydiOgCu aud ..aibtMi ..wiiipi.uads llial uibl.c U|> lU as.d nt»iU4dl^aS. fhlS 
tfansfuinidtiuil wa- l>Mui^ht dbvMil b> M'*J*b*jl li. h^^ul lut^j^uii. and j.tiht,^^3 bdCtefiai aiid 

radiuattivc actK,ns 
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tu Ut 014 slowly migrate ihroutgh Since the >il was lightar than the v aier thai onginally fillud the 

pi.. ;uiii ' ri>cks, it Lend^^d to il^e vintil ll wa^ 3i.ipJ*td by an inii*»^i ni^abk lOik layei I he oil tlten 
wollev^ted at thb "trap" Ah atCunuUt.ti« ii^ ^ t oil hav, n,,tui d ^as aa^ociai^d w.lh 1^14 .li leading tu 

huve tht: iia.n>; o.l^J.i M.iii, a* « *u,Mj_alr na i,a v oo- oil jSSOt-lal^d 

urigin 4 t ;iwM.^ 4|as il J) t^C hlk.i*.iu lisiu ih^ uil^ in uf oil M*; iliaue, tiic 
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at surface. It sometimes appears as;^iti^ri^^ 
5 -.^ tarlike deposit in^loW/are^ at a ihin film of oil on creeks passing through thCarM// . 

'J^epage of natural gas also Occurs,' and even srhall ainbunts can be detected by instrument. ' ' / 
y'^l: Seiwater 4s, some times "tested for dissolved ga's in the hope of detecting underground seepage, Tfia ' • 
y^^^;;^}?^ deposits do not have any such leakage to tlie. surface, so these methods 

^1:^-*:^- f __w^^ visible geblbgic^vftaturei^give s 

there is no detectat?le vsur^pe.W^ 

smaU explosion is sgt off in^ shallow hole, and mlcrophpnes ' " ; 
^'iJi^W^^^ locations recqrd^the sounds. The sound waves travel at different velocities depending on 
fe^fcftie formation, so the records can be tiftd;^b>na ^ 

hbpesof finding possible locations for oil ac^^^ l ;' ; ; ,"■ : '-^z '''I's.; .' 

^^^J^_The„fhirdj3Xploratiorvmethodi^ thelgria^^ 

location can indicate geologic features that may contayi &L A nieter is bftan usedLfrom M ^'O • 

aircraft as a pr^minary survey tool tq locate areas where seismic methods should be .employed, 

j^; ^ - WJwn a likely ^rea for oil is fourid, a well must be drilled. In modeni drilling bperationSj the ^ . 
dnlf bit rotates it goas downward; A^^ driUing mud is fad into the hpte^ 

7 the drill;gqfS d 

K abo carries the drilling mU3 to qjid ffe darricki contain the aquipm^mSaadad^t^^^^ 

. raise and. lower the drill pipe into the welL - . C. -J^ - 

: ^ iWeUs^can 
_ ,,;^.dii^^ 

^^;-''/:;;iioatlng.plat ...... ^ , ^- , 

Aftaiithalwalkhas bef n 



be^nimaj^pJlly 

tubings; valves, and'^ptimpB/At tha surface^ any water that comes iip throu^ the wall is removed 
and the oil and gas are separated. Tha oil is usually stored in 'tahkSj and the gas Is piped to a 
prpcassing plant and than to the consumar pipelines/ In a productive areas many walls will be 

■ 3rilladi-::'-v- .. ^v:.---.^n - . 'v . . :7 

A laiie part of fha oil cannot be removed by simple pumpmg;:Some method of lacondaiy 
ricovery is^ganerally used to incwase oil production, Ona widely used method is water flooding. 
Water is injectattythrou^ soma of tha walls In a production area, and as it moves through tha 
forrnatldnV it pushes oil toward tha remaining v^eUs/ Watar flooding still leaves one-fourth to 
ona-third of the oil behind, and many methods are being devaldped to ttyto remove even more of 

"the oiir" " 'V-^ V' v^'^yT - ■-v—--— - ■ 

Transportation of OU 1= / ' 

Tha major transporfation inethods for oil are plpallnas for land movement and barga or 
tankar for water shipment.. Pipelines are nomally placed underground. One notable example of a 

to the Pacific coast port of Valrfez. Plpelina tranysortation is generally the most economical form 
for oil whereyar pipaline construction is feaslbla* , , ^ 

: „^ , M 
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■i--iiiXirr,=-.iii\lil:i^^=ii?f^^ . . . . ^ 

V V _ J Barges are used "in inland waters, while overseas shipment i^ made in huge tankers- ■ . 

\ do Refining 

' r ^ : ',-".011 as it comes from the ground is called crude oD, and it is generally unsuitable for use 
.without: some refining. The basic refining process is distillation; which uses heat to .separate the 
1;#;;v{v;vaH6us components of the crude oil. As the crude oil is heated, gasoline is removed as a gas which 
- w liquifies as it cools. With further heating, kerosene is removed, and then lubricating oil, fuel oil, and 
asphalt. About 90 percent of crude oil is made into various^kinds of fuels r gasoUne, jet fuel, heavy 
duty fuel 611 for industries, heating oil, and diesel fuel. The rest goes into lubricants and is a vital 
; raw material in hundreds of manutactured products such as dyes, medicines, detergentSs artificial 
i- ^ fibers, and plastics. : ^ 

J Oil refineries in the United States are running near their maximum capacity to process the 

i^^rudeioiLinto:theiproductsiWemeed,:Unleaded:gasoUne,h^ 

of refinery problems, ^ .^^^ - ' ^ ^ 

Uses of Oil 

W- ^ \-- '/'^^ 

Table. 3 shows petroleum consumption by the various sectors. The numbers are given in 
.^.^^illions^otbarrels per day,_wh8re^one^baiTel_is 42_gallons.^ _ _^ _^ ^ . 



Tables 

_ . Petroleum Use in 1978 . - . . 

Petroleum User ' Millions of Barrels per Day Used 

Transportation ^ -9.8^ 

Residential/Commerpial _ 3,5 

Industrial— - — — ^- ^ — ,4^ — 

Electric Utilities^ ^.^ ' . _ ^ __ j _ _ _^ _ _ 1*7 



Total per day 18.4 

The transportation sector is obviously' the one most dependent on oB. With few exceptions^ ' 
our entire transportation system of cars, trucks^ planes^ trainSp and diips are fueled by oil products. 
Other sectors can be mora flexible in their choice of fuel--an electric utility can bum coals for. 
example. But with present technology, the various modes of transportatibn must depend mainly on 

y Environmental Inipacfs- from the Use of Oil 

% i ' 

^^^^On-shore oil production rarely creates any significant environmental problems. Off-shore 
operations present fnore. problems, with the^possibUity of oil fouling beaches and affecting animd" 
life in coastal repons. Fires at oil wells could cause significant air pollution. : " 

^In.,the^aJiajoOrm 



from tankets. Millions of gallons of oil have been released when these tankers have mn ap"ound or 
brokin up, and this oil is washed up on shore or sinks to the bottom^ ruining beaches and 



erJc 




^r^Vv^^^t^^y*^^ ifishing grounds and killing bifds/Research is b^g done on satisfa^^^^ ways of pleaning ^l 
^'-'--up oil _ spills,; but it remains a serious problem/ PipelinS" generally pro^duce few environmental 

problem^ controversy, exists over, the effects of the trans-Aliska pipeline;, ^ 

V-D'iinng' its construction, such diverse considerations as t^se had to be made: keeping the warm oir -'T ■ 
- from melting the permafrost, not interfering with the ancient migratory patterns pf the Caribou 
. . ;.^_herds^-^not;^^^ salmon spawning grounds, and allowing for earthquakes and tharmaK ^ 

- ©xpaiision an^^ / ' ' . ^ . . . 

Oil refinieries can cause local pollution problems, especially air and w&t^r pollution. . . ~ 



The automobile is the source of significant pollution. Exhaust fu|nas from tHe endries of 
automobiles contain a number of pollutants, including carbon monoxide, hydrocarbons (imburned 

I ■ fuel compounds), and nitrogen ~ oxidesl^ When these poliutants are apt e'd' upon by : sunligl& they 
produce smSg. It wa^ ^estliSated in 19704hat automoti^erpfssions produced 39 percentof the air 

^_^pollutionJn^theJJiutlid,^;tate 

by new ones with better emission control systems m^ndated^by fede'ml regulations. ^ J - 

When used as a fuel for industrial pmcesses and for electrical generating stations, oil produces^; 
some air .pollution^ mainly from'"the oxides of. sulfur and. nitrogen. Bui the pollution problems 
/ associated with burning >oil are not as serious as with coal. This is a major reason why some utilities 
,,^tumed Jo .thejbumin^ coal Jo^meet_air_quality- standards. Government-policies are- 
V^ noy/ rpradating a return to coals however, in "the face of our increasing dependence on imported 

^ Use of Imported OH ^ . ^ ;\ 

^ ^[t is this dependence on foreign oil that lies at the^heaff of many of our priergy problems 

today, and Rtbruary of 1977, the U.S. imported about 9 million barrels of oil per day, 

half the of total domestic oil consumption. U.S. domestic oil production has generally declined 

"^OTce7^1970.? New productioh^frora^Alas^^ 

_ n^^ods could reverse this decline^^but will still not be able to satisfyi:he U.S. thirst for oil^ Most 
of our oil is imported from the 13 countries ^hich make up the Organiiation of Petroreum 
Exporting Countries (OPEC). The 1973-74 oil embargo by this organisation; along with their- 
^ four-fold Lncrease in prices within the space of a^year^ demdnstriited our dependence on energy 
^ sources over which we'have little control. In 1973, abawel of OPEC oil cost $2.80. In 1979, it cost 
$23.40. The U J. is expected to pay over 50 billion doUars for imported oU in 1979. Such a 
tremendous ^drain of dollars can have pave cQnsequences'for the nation's ecoiiomV- The cut-off of 
oil from "Ifanjm 1979 due to political turmoil there demonstrated again ou^to 
interruptions, ' - V ^ * 

„: In 1976, the Strate^c Petroleum RteseiY^ was /initiated. A stock of oil; is to be builtriip to ^ 

cushion the damage from su^ly interruptions and to discourage their use as political tools. A tong 
OPEC supply interruption would ultimately be very damaging. 

Mederal policies to lessen .our dependence on imported oU are discussed m 

NATURAL ©AS. :; ■ ' ' ''■ ^ ^ - .'^v. ^ 



y Natural gas is very nearly an ideal fliel product. It ii cleati-burnihg and. convenient to use and 
transport. It Is also an important raw material in many cheniical procisses. Unfortunately ^ natural 
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g^;produiption hai been decreadng in the Uiiited States since' 1 973 . 



r V " ""The .m^or'cbmporient.pf natural gas is methane, a compound of carbon and hydrogen. 
' Natural gas can sometimes be used directly from the well, but some gas must be treated to remove 
- ' ''^impurities such as sulfur. - ^ - . ' y - 



- ^ ' Natural gas usually occurs in association with petroleum because geological conditions 

- favorable for the presence of oil generally are favorable for natural gas" as well/ Some natural gas 
S&daes occur by itself Natural gas is extracted from the same wells as oil, or-in a.simllarmanner if the 
" 'gas-occUrs by itself . ^ 

Areas with significant reserves of natural Jas are the Soviet Union, the United Stateai -AJg^riav 
-^r and the Middle Eastern oil producing countries -Opportunities for the iJnited' States to supplement 
r domestic-sullies with imports are limited, since the gas must t^e liquified in order .to be shipped, 
:and thaMq\iified natural: gas 

the U.S. IS by' pipeline, although some gas is. liquified and sold as %6ttled gas." . :^ 

Table d gives the estimated consumption of natural gas by sectors in r977,_KoW that nsfe 
gas measurements are given in terms of th^ volume of the gas. . . ; \ > ' TJ^^ 



= - NatuialGasUseinl97T^^.' ' 

Resiaential/Gommercial v ' 7*^ 

IlndUitrial^^^^^^^^^^^^^^^" 1^ ' V ' - . . _ . 

Traniportatidn: ; . vv ^ -V! ^- ' 

Electric tltiUtiei v - ' : 2J 



iny^onmeritkl^ m 

explosive; so some accidertts do occur, , 
HYDROELE^RlCnY^^ ^ ^ ^ ^ ^ ^ 

A hydroelectric ppwar plant uses falling water to spin turbines for generating electricity. 

Water may be collected and stored: at a, high elevation md led through , tunnels and pipelines to a 
. turbine at a lower ' elevation^ or dams niay .be;erected across tf .rivef it#; raise the wsrt^ A 

''high-head " instaiafi^^ the hfi^t of the water above the turbine) raquli^ a smaUer 

l|^lume of water t^ ■ ' 

- Several projecti/ af ^ underway to hnprove some of the small, low-head hydrdelectric plants in 
the IJ;S/ These include projects sponsdrad by the Department J ^f Energy to demonstrate that 
hydrogen can be produced economically atOTall dam sites. Electridty generated at the dams would 
be used to break water dbwn into its components of hydrogen and oxygen. The hydrogen and 
oxygen could be sold on the commercial market. ^ 

^ -----^-FaUing^Or^ flo 

Eventually, however, most of the favorable sites for large-scale hydroelectric plants w^re exhausted, 
, and power produetlon from fossil fuels be 
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The remaimng potentiil la^ge-^cale hydroeWctnb dtesfm the UiS. are in remote areas, fir" 



5 frori\;;^the- electrical -demand. Developing such sites could 
^iAcreasi|igly>scarce.w^^ on fishery resourcesV- 



have potentially adverse effects^^oh^ 



: Since ho fuel is burned at hydroelectric plants, there is no pollution produced. Environmental 
center on the safdty of the dams and their effects t>n nearby land and water resources, 

NUCLEAR POWER 

In 1942, a group of scientists, led by Enrico Fermi, first initiated and controlled a 
gelf-sustaining nuclear chain reaction. This w^s the beginning bf an energy source thatjW'l978 
supplied over 4 percent of the United .States' total energy demand and about 2 parbSn^ of our 
electricity. It has become an energy^ source surrounded Wh controversy/ Becaufe- M 
controversy, this section deals with neuclear energy in some detail in the hope that the reader will 
be better infomed^ \ _ 

As pre^ously mentioned, it is the fissioning*or splitting of atoms that provides the energy in a , 
.nuclear power plant* The fissioning uranium produces heat. energy ^^ W^^^ make^steam tO; 

generate electricity. This harnessing of nuclear energy takes place inV nuclear reactor, which'^is the 
heart of a nudear power plant> V ^ = , • " ' - 

■r-, r '.. V . ■- - ... ^- - -:_r. r- K'^^^^: -^^ ^ 
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^ :^ . ; ^Tliere are certain : cpmponents , that ^ are ^ cpmmori v to all nuclear rotors : regardless^ of ^ their 
J^^^peyflQjdes^ smWdlng. 

: ;u ■ - Tlk uramum usually In the; to dioxide, is contained. 

witWh fuel ro^^ cbra, which is the heart of the reactor. A\ typical reactor core 

contains thousands of fud rods w^^^ contain several million umnlum pkleti. 



) ■ The uranium fuel must un^ei^o several preUminaty^ proceisas before it isVii^d in a reactor, 
Afftf ummum^^ niiried, it must ftef be procasied to produce uranium o^ide, known as 
''yellowcake^ cThen it is converted to uranium hexafluoWde, a gaseous fbnri essential in the next 
stepj the enrichment process- The natural concentration of umnium^235 m uritaium Is onty^ 
sevenTtenths^ of one percent .Hie rert oft the yranium is non^isrionable uranium-M&n order for 
uranium to be used as. a fuel for pdwer plants, the concentratibh of uraniuni-235 inuskbti rak^ 
about ^3 percent. This fuel is then said to be enriched in uranium-235/ The federal Ipvert 
is cun-ently the only pro\dder of enrictoent ^ndees in the United States. Its t^ee gasep^^iffusion 
enridiment plwts proirtde the enriched uranium for aU ^^^^ tJnitW^trt^'^^11 as for 

^m^y foreign .^re^ ji converted to Sranlum 

diop^de, which is then ft^ . s 

The, cpolaht, either a fluid or gas^ flows over the fuel rods and removes hiat from the fuiiL 
Since, the 'fuel is contained within the fuel rods^ the coolant does riot come in direct contact mth 
the fueL The coolant then is either converted directly tof steam, or goes throu^ a heat exchanger 
convert water into steam. THis steam drives a turbine, whicfi'tums a generator to produce electrieityX 

^ ; Wft^r is the cobianf in aU except one reac tor^in t he United^ Stftas (a gas cooled reacto^. 
ThdtpndsWJtphs^ the heat. The core and 

water are both contained In a heavy steel pressure vesserwhich is in turn shielded by a steel-lined 
concrite containment structure. 




' 'fl:Fpr safety and Reliability, there must W some" way to control the nuclear reactioh-to speed it 
-- ij^^dSw^ down, or stop it entirely /One way would be to move fuel out of the core until not :; 
, enough remained to sustain a chain reaction /But this would-be a rather cumbersome, unsafe, and - ' 
T^:Wiytime-consuming process. ^^A^ to somehow stOp some 

'\t; oT all of the neutrons that are produced in ^the fission process , from interacting with the 
r/--uraiiium-^35'/4']ys-can be achieved by the use of control rods,, which act as neutron sponges. The 
' control rods, made of materials such as boron that readily absorb neutrons, are positioned inside the 
fuel assembly. If the rods are pulled out of tlie assembly^ more neutrons are available to cause 
-fissioning of .the fiiel, so the rate of reaction increases. If the rods are inserted into the fuel 
assembly, they abosbrb neutrons, so. that there are fewer neutrons availabla to the fuel. Thus^Jhe 
chain reaction slows or even stops completely. This makes it possible to produce heat at a desired 



rate, or to shut down the reactor. 



The moderator, a material within* the reactor corny is used to slow downmeutrons as they , 
emerga*from^^the-fissioning atoms^Slowing-is-necessary--b^ause^rraut^^ 

readily captutad by the uranium-23S^ gnd they must be captured in order to cause fission, A 
moderator cause a decrease in speed of nearly ten thousand times, but even a slow neutron 
travels at a rate of appreciably more than a mile per second. Graphite, wat^r, or heavy water can be 
used as moderators. Except for the one gas cooled reactor, which uses graphite, U.S. power reactors 
use the cooling water as the moderator. - , ' 



■ As a by-product of The fission process, several different kinds of radiation dre produced. 
SWalding,-consiitIhg of various materials iurrounding different portion of the reactor syitems, 
prevents this radiation from escaping into the environment. _ r ~ . ^ 

Tyjaes of Reactors . * 



At the end of December 1978^ 7^ reactors were ahthoriiad to operate, 

i^roducihg 52,396 megawa£tB of e^^ ttsued for 92 additional 

"^eietOT^rat 5 l^ite^Mld 
^4^reactors:iife in some phase.of planiiing prior^O:^^ 

The most common type of reactor in. the U.S. is the light water reactor, including the boiling 
water reactor and the pressurized water reactor, (Li^t water is ordinary water, H2P, as 
^thiguishad from heavy water contdnlft^ hydrpgen isotope deuteriurn*) There Is one hi^ 
temparaturf gas cooled reactor in operation in Colpfado. About two-thirds of the operating and 
planned reactor are pressurizad water reactoii. Most of the rest are boiling water reactors. 

In the boiling water reactor, water is brou^t into the reactor and allowed to boU. It is then 
expelled from the reactor vessel as saturated steam, which drives a turbine to produce electrical 
.power, -..:/.....= ..... ..... - \, 

In a prassuriied water reactor, pressure keeps the water from boilings Instead, water is 
pumped through the core and removed, at the top as a heated liquid. The water is then circulated 
through a heat exchanger, where steam Is produced from ^^^w^^ a iecohdary loop. The steam 
drives the turbine. The cooled water in the primary loop Is returned to the reactor to again cool the 
core.- . ■ ' • * . • J^' • 



In the high temperature gas cooled reactor, the core Is cooled by certain gases pasiing over it, 
usually purified carbon dioxide or helium* The gas gives up its heat to water circulating through a 



;^ st^mi gm^BtoT. The modirator system usually consists of graphite blocks pierc^ to contain the . 



Uranium Supplies 

' With today s Hght water reactor technology, the potential of nuclear power as a long-term; 
' energy j-esource depends upon the supply of uranium-235. Thus, it is necessary to have a good 
estimate of the uranium resources of the United States. ' , - ^ ' 

^ -Uranium is a moderately abundant element in the edrth's crust, and it appears in a wide 
variety of geological situations. Practically no geologic environment is totally free of uranhim; 
however, the concentration of uranium deposits varies considerably. High grade uranium deposits in 
(stream-laid sandstone in Colorado', Ut^h, New Mexico, doming, and South Dakota have yielded 
most of the uranium produced in the United States. ^ - ' ^ 



The latest available Department of Energy figures estimate that the U.S. hai 690,000 tons of 
known reserves and T .07 million tons of probable resources of uranium oxide which can be 
recovered at prices low enough to be ^economically feasible. Adding uranium oxide which could 
. br provided as a by-product of phosphate and copper production, the U.S,. appears to have t 
L ' reasonably assured supply g-f at least 1.8 million tons. TypicaUy, a 1,000 megawatt power i^actor 
.i_^e5uirasJ900 tons^f urMium_oxide„pyer Jt^^ year^operating lifetime; under.present-conditions- 
which prohibit reaycling of fuel. This means that the United States can depend upon its known and 
probable reserves to supply projected reactor needs to at least the year 2020, Another 1.5 miUion 
tons of uranium oxide are listed' by DOE as possible and. speculative resources. How much of this 
^ will actually prove to be economically available ^ , , ^ 

' Typically, about a third'of the fuel rods in a reactor must Tje replaced each year. These rods 
that are removed, called ^spent fuel, contain fuel that could be salvage^ for further use. Some of the 
original uranium-235 remains and could be used for fuel. The spent fuel also contains plutonium 
_which-was-fonned-by-neutron-bombardment of the uraiiium-238rThe plutoniumis fissionable and- 
. could ?Jsg be us^d for fuel. This uranium and plutonium could be recovered in special reprocessing - 
plants. Unfortunately, plutonium can also be used in nuclear weapons. Many people are worried 
that this plutpniuirr might be obtained by terrorists or other groups and could thdn add to the 
prpliferatiori ofVnuclear weapons. For this reason, commercial reprocessing in the U.S. was stopped 
indBfiriitely as:bf April 7, 1977. Fuel rods removed from po>ver reactora are now stored in pools of 
water at the reactor site, . 



Breeder Reactpis 



^ nuele&j reactor that produces new fuel faster timn It uses It up and produces .electricity at 
J*'^® ji^^ '^^y of a science fiction nov^L But there is a reactor 

technoipgyjn the pre^ommerclal stage that does just that--produtes new fuel as It produces 
electriGity. This reactor is the breeder reactor^ \ ; 

The idea of the breeder reactor is not new. In fact, the first nuclear reactor to produce 
electricity was the Experknental BTeeder Readtpr (EBR-1) in Idaho. It was designed by Argonne 
National\Laboratoiy and produced about 100 watts of electricity ori December 20, 1951 ERB-II is 

,.^vvt.,^dng^pperated^mj^ 

'and is the only operating fast reactor in the United States. (A (mi reactor is one without a 
moderator, so that the neutrons are not slowed down.) It is providing information on fast breeder 
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'reactor fuels' matenalsr ani.coinpbnOT^ jinder conditipn expeoted f^r large. ^ 

.V . -commercial plants. " ^ ^ ~ * . ' — - \ 

^ / J; Several breeder reactor strategies have been explored. Presently, the Liquid Metal Fast 
\ ~ Breeder Reactor (LMFBR) and the Light Water Breeder Reactor (LWBR) concepts are receiving the. ^ 
:most attention, and these will be discussed furtKer here. " ^ - : ; _ > r 

V\ It was' previously mentioned that the fissionable fuel used in today's . .. 

' conventional reactor^makes up . only, a tiny fraction of naturallyoccurring uranium, with the rest v ^ 

/f; beirtg umniuinT238l^ranium-238 not Mission when it is bombarded by dow neutrons. - 

. V HQWever, it can capture a neutrori to fonri urmium-23^, which decays to niptunium-239 and then ! 
/; :_lo plutonii^%^j9^. Plutpnlum-239 is a. fissionable fuel. Because uranium-238 can be converted in 
• this way into a fissionable fuel, it is said to be a fertile material. . ' 

^^^"^^ ThisWnversion-frpni-fertile to fissionable-m/terial also takes place-in current^powerVreactors,^^---- 
.,^::%r*^ut not.at such a hi^ rate as in breeders. In the LMFBR, for each atom of fuel consumed, mofe 
- : ytfian one^atom of "pluton^^ would be formed from uranium-238. This is achieved by / 

increasing the numbpr of free neutrons released in, fissipn and by decrteasing the number of neutrons 
, wasted, thereby making a larger number available for absoiption in ftrtilt material. . , . , 

........... ^ . ^ ^ ^ ^. ^ . . ^ - ^ . „ . 

-^Fuel produced in such rekctors^quld dramatically-extend our energy^respurces, ance.breeder^.^^.^^ 



reactors could .utilize more than 50 percent <jf the available energy m the; fissionableiand 
fertile fuk raservei as compared to only one or two percent for li^t water reactore. One other 
favorable aspect df breeder reactors is tW their fuel can be produced economically from 
lower-grade uranium ores. . 

" ^ Since the LMFBR is a fast reactor, it contains no moderator material to cause a rapid 
slowdown of the'fi&ion neutrons. Thus the average neutron velocity in .the core will be considerably 
peater than in conventional^ reactor cores. At these higher energies, there is a ^much greater 
pmbabilitjrfhW the"neutrQ^^^ 

fertile uranium-23 8. -^-/ ^ - . ^ _ ^ — 

The term liquid jmetal is u^ed because liquid sodiym is reactor coolant. The fuel in such 
a system would prpbabiy be a mixturi of oxldei of uranium and plutonium. v 

Liquid metal fast breeder rfeactois have the potential of being more efficient than light water 
reactors, since sodium is considerably more efficient than water in transferring heat from the core. 
Also, the reactbr core can be c^erated at a higher temperature without presiurization, since sodium 
has a much higher boiling point than waterp 

The LMFBR has some disadvantages when it is compared to Ught wate^ reactpp^Thm 
disadvantages are due mainly to thfi sodium coolant. Sodrum is a highly reactive metal that^ill bum 
if It is exposed to either wafer or air. Further, it is a solid at room temperature and requires; an 
elaborate heating system to assure triat it win temain liquid^ throughout the coolant system^odium 
ii' not transparent, which cpmpUcates refueling and m 1. 

The sodium coolant captures sortie of the reactot neutrons and becomes intensely radlQactive, 
Since^tKenmaiirwdlonu^^ 

penetrating gamma rays, refueling of the reactor and maintenance of the primary coolant system 
would require remote control eauipment. ' " 
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^0^M^i^^^^^^AF^R is mpre difficult to control than a light water reactor, becausp an accidentalici&^T^ 

core incrgases reactor power. The opposite occtirs in light water ^ 



of building a LMFBR is considerably^ greatej than tHa^ of light-water reac|brs 
:r '"because ^of the special problems in VQlyed. * " . / ^ ' . ; 

X a J? : : These problems are now being dc3alt with in smaU .prototype systemi such as the £^ 
^ J. Idaho and the Fast Flux Test Facility in ^yashington, which are the forerunners of the Clinch River : . 
Breeder Reactor demonstration ^dSt that was planned to, produce'\bout 350 megawatts 6f 
\ electricity in the late 1980 s. .Recently, however,vthe ;Clinch River -project, has ^^ b^^^^ 

controversial and highly debated power issue in. the United/- States, and the project is faced with 
:.. : significant delays in completion, or indefinite pp^^^ ' ^ ' ' . y-^,; : ; . 



TOe^miinTsiM 

: that^ be used not^bnly to^prodi^ 

:;\xelectricity;^ b^^^ or a hostile nation ^ 

; rSceii$rlo,;jsv possible j;^^^ or/divei'ting pluto^nium, the' 

r: ;^'diffiQidty ;or^ large Investment In ^facilities ^hd persohrielj and th^ 
prlowt^pro^bilitifeor^su^ 

7 V weapons productipn. ta minimize the ^hance of theft pfriuclear ma^^ 

; :^!^$?? |P^ security measures -wo 

■ - V^"^^^,^-: :: 7. ".r!- y -r -y:- : ;^ - -^s^^^; \ - ':. ■ ' : ^''y^:^- 



^:■ concerns overjha^apo^^ prolHera^ 

fufll c]^le^ are being Investigated, such as the CIvex pmcess whe^ ^all portion of cdntaminartts is 
added to effectively ''denature" t 

As the breeder is being debated, the UJ., once the^leader in fast breeder reactor 
devilopfnent, iflhds itself being surpassed by countries such as Great Britain, France, and the Soviet 
Union, who have^mmitted themselves to acceleralion of their fast breeder reactor programs/Many 
countries, particul^y those in Western Europe, feel that they simply cannot afford to give up the 
toederbecause of their lack of other energy rt^ : > . 

Another breeder reactor concept is the light water breeder reactor. The LWBR differs from 
the LMFBR in several respects. The LWBR u^es prdina:^ : water a coolant rather than liquid 
sodiuTTi, so that It breeds miich more slowly than an LMFBR, Fissions In an LWBR are cauied maily 
by low^nergy neutrons rather than fast neutrons. The LWBR is based on an entirely different fuel 
systein, thorium-232/uranium-233 rather than uranlum-238/plu^onium-239. An experimental 
LWBR Is currently pperating at the Shlppi^^ Atomic Power Station in Shlpplngport, \ 
Pennsylvania, where test data is being collected to deterrnine 'the feasiblHty of this particular 
breeder technology for commercial application. , 

■ _ ^ . " - ■ .. ^ ■ ■ ''^ \^ 

Safety Systems in Nuclear Reactor v 

Stririgent safety precautions must always be taken by the builders of nuclear plants, which 



'^cannSt^be Wllf15FopeifH 
law with the responsibility of satisfying itself that the plant will not endanger publjc health and 
safety. Licensing was previously done by the Atomic Energy Commission (AEC), which was 
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r abolished in^l974.-The"^AECV research and development activities were taken over bV'the Energy 
v: Research and Development Administration (ERDA^^^^^ of the Department of Energy. The ( 

/regulatory and licensing activities are the function, of the Nuclear Regulatory Cbihmisson (NRC). 

Nucleap, power plants form small quantities (several pounds per day) of radioactive ^ 

substances. Im hernial operation, more'^than 99.99^ percent of these substances stay wthin the fuel 5 
assemblies; The miaU amoun c 
almoit all ofit is removed by purification equipment. An extremely smaU amount of radioactivity is ^ 

released to the environment under strict control; subjeSt^o conservative a rigidly enforced heajth / 

and safety regulations. ♦ , ^ . - ' - , 

' T^are bi^ several ^natural safeguards that operate in nuclear power plants. In today 
watir-mp^|r|ted poVer reactors increase sipiificantly^ mora heat ' : 

*W0uld,be produced: The heat wpuld m the ene^y of the neutrons in the fuel/ and thus , ' . ;. 
incraasevthe 

jitpin fission would thus slow dpvm. Thise 

Aoha- i^isonTwhx a ^i^mrm ^^i^. Jn^fi J^ombj^ assahtiaUy^u^ 

fls^ohabla materiai is?^rt anrichefd raactpr fual^ and 1 must be : m 

mpidlyicbmpi^ssed M chain reactibii Ad ineraasa tp W ^^dear . ; ^ 

■ explpsioh. 



' Th^^^ of water as^a cpoto pro^des MOthar-buUt-in ;^faty taature of ; L 

^ today's powar^ac^ power leyel, it would Vra 

J tamparatUra of tha water, whicK^ turn depreaiertha Watar*^ ; v 

This tends to reduca the readtorV powa " ' ■^^-■■ '■-^^^'^^ ■ ■ - '^^-^ ^'^^^^^^ 

In addition to these natUTal safeguards^ many safety features ara built as an mtagral part of 
any raactor facility. These are a dafensa in depth agains tha release of radioactivity,. ■ \ 

Om such safeguard is a monltonng systam for neutron intensity. NautTpns initiate the fission 
reacfionj and the number of available hiutrdns is related fd the reactor pdwar level. Thus ^ 
measu^ementi of the number of available neutrons are mada by several independent monitoring 
systems \ at various loeatioris: in the reactor core. These instruments are eonnactad to a rapid 
shutdown syMam ih case neutron intandty rises above a pre^e ^ .^■ ■■■.-.,-:::^r:'i''^ . 

Reactor control systems are alsd dasignad fof safety. Materials such as boron or cadmiurh are 
able to absorb neutrons and, by ^rempving ^autrbns frojm the systam , ^ut dowrt a reactor, 
praventirig new fissiohi from bccurririg. Common methods of using these control '^sterns include 
the mechariicaj insertion of control 'rods into the core and the addition of liquid solutions of these ^ - ; 
neutron-absorbing elements to the water moderator. Most water reactow have both, methods of 
control available. - ~ - ' " . ■ . ■ . 

Instrumants constantly monitor what is happening in tha core. Improper ilgnals concerning ^ 
temperature, premire, or other unwanted condilloni wilUmmediately shut down the raactorJEaph ^ - ^ 
safety system has one or more bmckup systems in case thpra is a failure in tHe primaiy system. 

Reactor designers assume that at some time, electric power to a nuclear plant may be shut 

^f^^o^SlIdwTor'fhB 

to achieve safe shutdown. Those which may require power after shutdown, such as those which i 
keep the coolant circulating, are equipped with emargency dtesel generators^ and batterias so that 
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" ihgy^can operate when no outside power is available. 



ft 



Althou^ the nuclear chain reaction can be stopped immediately, radioactive fisston prodnc^ ■ ■ 
j^cH -^in the fiiel If for some reason thfere is a rapid loss of the^Tr: 

\ ' coojant water to^ a nudear ie^^ctpr, it is conceivable that't^e core might melt due to' heat from these 
^-fission products, even if th^Sucle^ reaction has been stopped. This core meltdq^i^p could result ^^fc' 
in Releases of dangerous amounts of radioactive material. In ordar to prevent the core from I*? 
^.vfOTeAe^ting. due to a loss ot^coolant, several independent emergency core cd^Hng^ systems ai^^^ 
availat}le to brmg m water to cool the core. The network does not requfre*an operator to get startedi i; 

In order 'ta test the effectiveness of emergency co^g^bdp^H^g^ssf.s]{%t, the Nuclear Regulato^^ • - 
, Gommission bmlt a loss-^ftfluid test (LOF:^ reactd 1978 this reactor had ; ^ 

a planned loss of coolant, allowing 'the effectiveness of the. emergency core cooling!,systems to be V;;; 
™^,^^^saiTOii^h 

' ' isviOT test * ^ 

^^^5 plMnid at thrX^ 

- afficiand>;^and relmS^^^ ^ ■ L . \ . V I^^^ 

^;fc.^Jn Jh^ 

sy stgrns: to guard i agSlrjit ii^lficaiit ampuri fs qlf radioactivity ■ i scaping to the environm erit . There is^ ; - / 
first of aU,: the a^^^ retain most of the flssion prqdurti/tveri whan they are 

l OyerhfeatedrTheri th ^ 
get intp ^e r^actpr^^^^ there'are the waHrtiif th ifeactpr Vessal itsejft FinaUy,^ 

is the cratainnjeht'^syst^; cdnstwcted to halt any ralepe of ^^w^ iriaterial that ^i&t^^a^^ / 

the other bameri/ The raactpr b'^^^^ 

_ - / ^ ■ - " ' - ■ ./^ ' ' ^ '-'^V' ■ " ■ 

Several attempts haya been made to defermlne;the pfobability of a serious htidear accldSritl 
^ne b^tha bes^knowntrWASHrl 

^^tpmic Energy Comjfn t?fto yaai^ a ^staff/jof ■60ipeople Jstudi things thati Ji; 

could go wrong in tf'nuclrtr pdw^r plan^ ai^ estimated the aniounti of radioactiyity that cdul^ be- 
released under vmous weather (?bhdition§,^TTiey determined that tHi worstfCradible accideht would 
Wll*' 3300 peopla and ea^usa radiation injuries toother 45j000.' Saverlt^^^ " 
^ifand Would/ iDe contaminated and 290 square mUas would be uninhabitable for a year or more/The 
probability that such in accident would occur^was cdculafed to be extramaly smali^f there ware 
1,000 reactors in oparationj such- acclderits would have the^^ ance'Wery 
. million. years.' - ...^^ -...^4. . . . , ; "yy:" .. . . - ^ . 



^he Union of Concerned Scientists has prpduced a critiq 
under the ^ worst possible conditions, the immediate and eventual deaths from a nublear acc9denf 
might exceetf 300,000, and such accidents have tfca probabiHty of occurafig aboift orice every 
50,000years. ^ ^ ^ V 

= /=; . ; ■ _ ^ ^ ; " "■- ' ^ . ■ ' ^ ' , ^^'^ ' • \ \ \::[. 

' \The NRC recently commissid^ tP review the Rasmussen stujdy. Their ^dihgs, the 

Lewis Report, sitate that much'of tfte flata needed ,for calculations ofreactpr riski is itill inadequate, 
and that WApH^l 400 c^^ be used to prove the safBty: of nuclear power. The authom we^ unsble 

J^jax,Hh^hejR.reafitM 



Nuclear power ppponents ai^ue that the coniequences . of an accidant would be so 
catastrophic that any risk, no matter how small, is unacceptabla. They contand that the accident at 



ERIC 



id'^^^nnhiie^^^^^ .of hiiman^»it&i:r=and equipmint failure, 

tkat .n^^ how many safeguards thpre'',^je; in a^systems so con]pIex it is impossible 

&3$# antidpaif and be 




When nuclear power began to emerge in the U/S.^ Congress , was concerned with providing 
i^;£pfotection to the public and limiting the liability of the nuclear mdiistry in the a^nt of a major 
:a'.-rtuc^^ accident. To accomplish these purposes, the Price-Anderson Act was enacted in :1957 
d - and renewed for the second time in 1976.. . v 



: .Mce-Andefson is fl^ unique in proSddmg. go^^^ federal ^ 

^^Jgw^OTMnf^so^^m 

At -present, a total of S560 miUion is kVailab^ to cover Uability daims^^fe^ nlippkr a^qcitfent^ 
V vat a Ucansad poWef plant or rep - 

between such facilities. ThB act requirei th^ptrafmaximurri amouS of iii^^^^^ 
: from a private sdtirci^ TW^^^ $390 iriillion'by the. American Nuclear : 

^^i7lMu^Sr^THe^fea|^ 
rmilUOT.^^^ for Priee-Andereon coverage. . 

The Pricer Andereon Act wiU be ^ j^^^ 
.providing the $560 -miDion liability protection, which includes both pe^onal injury /and property 
*/ Smnaler wiir'Br gmdu^^^ tran^ferred^to thU utilities. Qpngress has also guaranteed further action if 
tjie liability exceeds S5 60 M ' ^ ; ; . r : " ^* : ' V 



~~l\s mentionea -iff the^section ^n co^^ waste Heat is put into tlie,^nyironnient*in large amounts ; 
by both nuclear and fossfl^fueled power plailti. But. one of the major concerns over nuclear power : 
involves radioactive wastes* ^ : . . . 

■ Within ftie broadf categ^ry^ of radioactive wastes, some system of subdivision is needed for 
clear discussion. Unfortunately, there ^re ho dear-cut^.deflnit^^^^^ and this has 

contributed to the confusion about these wastes, : ' '^^ <b Vr ^ft .^^^^h 

One attempt at cat^igorizing radioactive waste is to constder whether the radioactive materials,, , 
. in the waste are natural or man-rhade. In the production of nuclear powdfe natural radioactive 
Mfaterial^^ocM in \^st|p^ .i^;fl^^,i^th&- ml^ftli^|niUi^^^^r^^g^ .enripljment^ , itael el^niBnt . 
fabrication steps whicft lead up to the; opiiralion of the re^^ Altftougl) tlitf Hecay off^^^ 
uranium eventually yeilds stable^k^ there is,a Ipng |eries of intermediate radionublides which 
, account for more than. 90 percent of the total radioactivity present in a sample of riatufal uranium 
bre; These ■dauihtef prqducts are left beMnd in jth© tailingsv whicii is the rfsldua from the mjUling 
prpdessr in- which the uranium is chemically extracte4 from the crushey and grouiiS^ore. ttese 
tailin|§ are normally stored on^the surface near the mill, graded and diked as necessary to prevent 
-""erosioir by^^surface %tftert^" and w 
particular' pile ha& been completed, a vegetetion scovering can be added as additional wind * 
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protection: It is possible for radoni a radipactive gas, to diffuse •tHr^gh a tailings pUe frorai.decay of 
the m 

34 



the tiranium, and disperse into the air. The Residual Radioactivfe Materials Act of 1978 establishes 

3ij 



Man-nlade radioactive . materials originafi - within ^ they riact^ during ctfie^Tfi^sioh)^^^ 
-"^^^^ wastes can be divided into two categories based pn^fifeir m 

- - ' tb-'fhe environment, and some must^^iaye Varying degrees of ^^^^ 

. ^ ^ riaoleai« facilities generate gaseous and Uquid;'^'asfes whicK are contaminated^ with radioactrva 
. / Under itriet regylationi;^.^9l^ Wastes^ can bf tre release^ to they^:' 

" j^^^^ sometimes stored t^Pprarilyi>;j^^^^ 

^ i^?^?l®?>^?^?yi ofl^^^^ived radion^ U^jd^^astei/can be treated ^by evaporation, lofi^pi^oH^ 

"or^^^ cond^ntration of radioactivityrih itha: U lo^f?| 

y . ; i-:: ,:Relp^ gases to the 5^punding wato 

^^i^^^^^to insuriita 



^ The citagory o 

further brokah down mtb two sub-gategorie^ .Q^^^^ ii solid" >^alte for v/hich relatively 

shallow burial is CQnsiderea^:aaceptEble, which shaUow burial provider 

insuffident lsblatidn,^^:M^ 
rSff^rdseWa^^^^ 

bjirialpoundii Virhich are operated under licenses ftorA either the Nuclear Regulkory Cpmmission or 
certain^statji%M?WeK operate tjieir owmradiation contrdl programs under^eements with the NRC^; 
jl^ese;^uriai,^r^rt^:5are^^^^^ after stuflifs of local. soiLfind^^ 

acceptable ^protiafiiltt^^^^ from^the^fa by the 

action of grouri 




I ' i f f spheral ^l|ssM>t^a|tf^^ -Ipvi^evel solid radioactive ^ste, alth^iiyi 

- ^ teph is n0t*^prepise.^^^o aff Facilities In thV Kitf^^^ send wastei to the buri^ grounds^ Soma 

- . exohait^ r^sinsi precipitatesy^ of ey^orator sludges from the cleanup oif liquid wastes ; corififet^fer 
^. other solids mrfda from small batches of radioactive Uquid waste not wactieal to clean up; absorbent 
paper, swabs, plastic sheeting, and ilmUar materials from contamination cp^trol or clean-up work; 
* deftetive or obsolete piping, mofors, m^^ 

The annual "volujme of this general category o^wkste Is a few mfllion cubic feet pef year, feven 
if t^s increases pver tli'e years , it will still b.e#ery .smalicompared with other, types of solid wastes. 

,;|^:;|irae spent fuel rcgs^ftrj virf^^:gi|^I^ cannot be 

; Ss^l?EvK^ Binal- They'c^n^yi^^lg^^^ as part of ^% 

^ '^'^l|<^{3JmM fuel and some phiiWhlu^-asa^^ 
and Plutonium ,are potentially u^ble for ftiel, but regiMitlons , banning fuel ^ preclude, 
their. Aise at the present time; The fission products are basically waste that ri^eds td be disposed ojS^ 
d?l*^^J^^I disp^ pf thqse ipient ftiel rods is a problem yet to be sorved. It is a problem sh(ied by 
- Wastes from^ihe govemmBiit^weppns^testing^a pr©gB|m» The aSount of 

the|e dfftnse, wastei :iii#^^ power rekctors. Thr defense 

^ programs h^^p^duced abbi^ ^^ftes md.e^&inillion cubic feet 

..of^less radio4^v^.sq^ 

fuel and 16 millian bubiG feet of bw4ev^ ■ ' 

V - - -The high-lever v^^'ftpm both soiarces is cuirently in teniporary stor^e^wairtng a dacision " 
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^ on the bEJst 'method of more permanent a^sposal^,T,he^ weapons wasf^^ in-ltanks and -burial 

::Ji;iPUfe''at three government reservation^ on ttie pcwer 

:;^i&pl4rit4sites. This^storage at th^^^ dece^y and thus reduces the 

it^i'^i'Ctivifyrof the spent fuel.^^t.wiirpriDbably be the first sfeplih any disposal plan.// , , , ""J.-v^,-^ 

- ■ A Most ejcpertS' believe that^jbng-lived radioactive v^aste should^ be concentrated and piit into r/j*. 
. solid fomiv then p stored deep undergrQund in suitabfe geologic 



;;:the po 



Radioactiva^wasta is being solidified int<ft glass iri FranCej and U/Sftfpe^rchers are ldoteinj at t 
)SSfciUty of ceramic ^ f more resis.tant Jdr^fc^m^^ 



Scientists ^^d\lookiiig at:igeo logic formations jhcH as salt iDedSs basitlts^^sfefe^i^^^^ to. 



. dStpmihe which^jnight be mor IjSltabla E5r lohg-f stprage^SliS sit^ ;mpt be on 
iW;^Q,ijid^ cahWot eadlylreaclf^^nd^ , />' ^" ^. 



^ A febvarnmjtht task force cailadthalntejagency ^^viivrGroup on Nuclear Waste ^M^ 
has bean set ?^p to study apd report on the best methods for wasW dispbsaL T^^^ jroup reports that 
^^.aJV|stfMrep6to|&i^w 



thSt^th? radioactive w cm be succassfuUy isolated^ a; few thbiiand ye^svtiut after that 
point it is impossibia t^^^a sure of success./Most of tha radioactiytfOTat^ais would^^^ harmless long 
before that ^ time, JbiitSfwi^^ 
^/- thousands of yfears-smc^ ^ 



r^-^jr^ '^^O decisions affecting waste:%ianagement i^;]fl^^ If the- spent fuel ^^ ^ v^^^ 

IS considered a Wastes it would be ancapiulffted in some very%ard materi|l i^^dispqied of; = on /^V^ 
:3ithe other hand reprocessing is to take place, tjmjs^nt fue^would^^ tre^^^^ fuel;' 
^ The-remaining-materiaHwouia-^ba" a-hi^ 
disposaL„ _ Sp^^i. - ^^^^^ _ i * . . . ^ _ _\ _^ :!j 



Sinw-anywtype of commarcSl power plant has a useful life oT roughtly 40 years, it as" 



Idisposal-- _ 

neevanywtVp^ of comman 
nacessary to consider the disposal for decommissioning) of a nuclear power plant. Exdept^ for the' 
*"]^actor vassal, mdit of 4h^e^gfant eoiild be disposed of by Mnventfpnal methods;^ the materials 
being ^*r©jcy clad or discard^'Many of the materials within tha reactor vessle will have b^spma' 
radioactive^ 'Thasa .materials and tha^ reactor ' v^rfSsfil itself would probably rernaio on ^ tha sife-|gf 
several _years to ^llow flife shorter hdWived m^aterials to decay .^They would then be dism'antla€|;and.. 
disposed of in a burial site. " " ■ . * ... 

"The friispbrtatio^ pf^M waste. Is of concerni; to many^ 

pioyer Soime state^^ have bmied the transport of rWioactiye wastes^hrough 

thdr^ea, thereby creating legal, loglst^al, - ^ i . * . 

: ^ ' .^ ^ ^ :-r- . . .. ^'-r 'fc.v^-. 

; / of Transportatiqji regulations^ require that nuileaf ^asfetf j'Bi^: 

^packaged so ^that, Vven in tha event of a severe transportatiom accident, th^re would be no 
significant release^qt nucjaar wastes from the packa|es. Such acdident-prop| containers 'must be 
strong enough to ^ puncture forc^^ 

encoUTitered in seyefe accidents. In spite of these pcecautionS,:jhe movement of nuclear wastes is 
still a controversial area. , ^ . c Wir 
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Health Effecte of Nuclear Power Plante 



Ai previously noted, all matter is made up of units called atoms. Each atom has a nucleus 
with an electrically positive charge. A cloud of electrically negative electrons surrounds the positive 
nucleus. Ordinarily, the number of negative electrons equals the number of positive charges in the 
nucleus. The atom is then electrically neutral. If energy is supplied to an electron, it can be moved 
to a position further from the nucleus; then the atom is said to be an excited state. If large amounts 
of energy are supplied, the electron can escape from the atom completely. When une or more 
electrons is separated from the atom, the atom is said to be ionized. The atom has a net positive 
charge since it is missing an electron. This positlvely^^harged atom, taken with its separated negative 
eleetron, is called an ion pair. Radiation produced by nuclear reactions and by radionuclide decay 
can supply the energy needed to exgite an atom or form ion pairs. Thiis it is uften called ionising 
radiation. • 

When luiiizing raaitttiyn passes llnvu^ii iiiailci ii ini..iavi^ wiih iht. ^k.. t..Mi ..luuda m< lUe 
atoms in the matter In this process the radidtion lobes Us energy by exciting the atums and/ur 
prodiicing ion pairs m thejnatter. This basic prugess is ysseritially ihe sduie tui all kinds of 
inatcniils-air, water ^ people ^ cement blucka, ur stt^cl 

1 \\C put^ntldl lui injury Ol d^JildgC fiv^as aii) hHi,i ,1 ....llaliuii J. 4. V 11,1.. w.. il... lui. ^iici^^ 

iMba as ihe radiation travels ihiougl^ matter This rate uf enjigy loss ax luin d^ pcids jn tuc lypc ul 
rddiatiun. its electrical charge, and its cii^igy rhc energy depOsILv^d by thi:; raviiation in Ifie 
absurbiiig liiaucr causes changes in the nialtei^ ^i.^h as the ptoduction ui ioi» ymt^ 1 hesc .diaii^ca 
can result in damage to llie inaityi uKluduig dlbiu|jtiMii ot the functions ol cclJj ut lis iiig uiganisms 

lli^ iiiv^j^l p^itt^ii allit^ I tife.v.a> iUdluiit^ti li3 lity ^aimiiM . tll^lt feUfcii^^ ^i^imnu iay5«^44ii 

cuuiplelely penetrate a peison a v.u/Kaete Llut.k ui a sheet uNead 

beta taJlrtlKjil will. 1, 1^ tii^ii pw:iJiivi. ^ > K U u . dpaldt; . i ^ i ^ . 

pit ,>t"Ulunn!iuni iKtA ui sc. ct A lix^ 01^ ut u p^^iun' , sii. lii In al. It^ ^ jjiy^. ih bg as lU i^.h as u j ikid 

-MjjI.W 1mJ1,411.»H i.l. 1> U 1,1^1, I.^lii.. hi ......... .i,. ,li».v... v.. , v,.^ 4l.ii. . 

ul t-.,|/er btn cannot p,;iie£idlj , unvv utiunal aluuhiiuiii lull ilijwa^ci dipha ^iuU Us an th^ Jiiust 
hazardous of all types of radvation if they enter the b*.dy a result jf swallowing t.r li.nall ig an 
alpha cniitlei 

i . , id by scvgiai i '\ni <jl hi^U u iu» is J . ^ I ilu. a i » k a. i.i ,i . ii i4 . ,4 1 I i ani^L) 
j)lu>L.>4i aidiL flhii \ fil.di i.jiK jiis .11 u^. L it lliih *js ^ud >j ,il.ii^l) , s^.i hi ,ll i l jd^i^a Iwi 

nieasunug tl» , ^ui.ndaLiv, amuuM i t cnp^^au.c .ci civud i> j ,d.. wiu> ^^^jii s 54>uiwc2. ut 
radlallun. i)th^i types ol uilc*.luni sn. h us (ielg / ^uiitc. i 1, nl^. tiw,. ^.ha. b^.a .iir.d t , k^pui tlu.ial 
t^uunters aic uj^d to ilut. ^.l the pa ituut dhd int.i 4 an: tWa nueaiili) adlyiiun 4 tics. 1 1 ^ti ujii^iits 

dclet i th ; pic Atit Jici> siUiill ^ii.uitiiita iauludi ilvt. l ijiu ilyda Ha il itluii dele^.tiun Js 

also veiy 5^niiiiive in it^ atday lu idt ntlfy Spe^in«., i ailiuat tl suL5lant.e^ I iils U puas.bic b^».dUie 
every Spt.Jcs ul ladluawt.vc aiuni h a idiaiuctci lath palteni ,d .adlMttcU^c Ituai 

kji4 J .il ^1 ^ Uidi*ced in ail Uy ia> a id gfi...! 4 kU] a A it^ ;iil[iejj I., t ij,,-n/ii » su. i 
rcq ireU iC piuduc. I ^ai,ynig t. ^id..daid ;L^uiih il .ti.iqie In ti i^.-idiuij di, i.ii.l i>i 

rueiitgen Cu.i be iiui^uu 1 directly/ anuc ihi eha.tij. uii^iiU . y , ,e ji^u^u.yd b t- .i 
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The radiation absorbed dose (rad) indicates the amount of energy deposited in material by 
any type of ionizing radiation. It is a measurement of not only ion pairs, but of all energy 
deposited. A rad is a very small unit. For^xample, one rad equals the energy required to raise the 
body temperature by two-millionths of a degree Fahrenheit. ^ 

The roentgen equivalent man (rem) is the unit of dose equivalent. It is a measure not only of 
energy deposited but also the resulting biological effects, 

A 

For instance, suppose' 500 rads of gamma rays produce a certain change in a tissue and 50 
rads of alpha particle radiation produce the same change. We then would say that .the alpha ^ 
radiation was 10 times as powerful as gamma radiation in causing this change. In other words, the 
alpha radiation would have a quality factor of 10 when it is cunipared tu the ganima ray. 

We can use the forniuld reins lads k qudllty ta^iui lu ^uiiv^il fiuin i^d^ iK> iciu^. in uui 
example, the quality factor for gamma radiation is W Theretort, 500 r^ds multiplied by a qu*ility 
factor of 1 gives 500 renis. For the alpha radiatioii, 50 rads niulliplied by a quality factor of 10 
gives 500 rems. The number of rems is thus the same tor ihe iwu types of radiation which produced 
the sanie biological effect 

radialiuA piuiQuliun deal^ wil!i ^til^^^M^tt Aiti^ K>i j.^w^^u irom itiin^ow^aui^ iddiaiK/n 
Q?%i^t>aure. regulations and lecommendatiuria art usually written iji iern*s uf leiUs^ which tak^ into 
account the biological effects of the radiation Huwcvei U is uitei. dcsirabKj to v^ork with sniallcr 
units, so the term rnUlirem (mrein), which is uuc thuu^audlli ( UUl) ut a reiu^ is utt%^ii used Fui 
exajiiple. the luaxunum peiinisslble cApusuic allowed fui a i^dlalioi^ w^.ikei is 5 iciits^ ui 500 
lyreni. pe* ycui 

1 u deswi iLt^ ladiuUv/ii pusui ^ ^i.mij'^ i . , ^ i*^ it i <^nn y^^t ^ ^^i!^ t. t!^<^d lii^. |>^<jw!i 
k^ttt iiidii, dtes the total exp.^^ure ot uil ineiiibei^ k t a k^ciidin pupiilatiun tur ^xdniplc, co jsldei a 
groi.p of 50 people If each of the 30 pcuple re^ civy^ uiu; re,n the puptiialiu.i dose is 50 perso*! 
rems If 25 people lactlve uac feiu and 25 p^upIc iec>:lve au pv>5*uc lin^ populair^n duie Is 25 
perso. 1 iwins If ont peisun receives 25 i^iii and tiii ly^il ic yiv , nkj t.-t piiiaii^ the pijpu|aiU>u uusg la 

25 person-re,, IS 

i', ,ay^ ktt II ilia i \ >u l i<;^tei^ lu (lie i^iit^i^/ dt.p«'^tlL.M Iji >ii ) ti^l li^l Oj iiny U> ii/iUjg 

iiA^i .ai A icin r&t..l3 U. ; ie nils oi l\ tt c.ik.i^) d ^'M^:>Ha4 tl^M*: iiui the i^ii i pc.&\ui a^iil 

hldh^^tc^} , it 1 i>suic >i 1 n\ pup>ildiUtn. 
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houses made from stone or brick receive significantly more natural radiation than those who live in 
houses made from wooid. Our bodies and the food we eat contain radioactive nuclides such as 
potassium-40 an4uCarbon-14. 

Table 5 ste^ii the average dose from natural radiation in the U.S. 

1 ; Table 5 

U.S. Average Natural Radiation Uu^ 

Source ^ Uuse (uii^iu/^eai ) 

C o^niig radiation 4U 

Rddiunuuirde^ ill J u^K , ^ijil cIk It 
KadluiiUwlidcs in l\ic bwdy 24 

Total 90 

Mail lUaiU' laviiutlv/ii ad^l;^ Im lliv- .isv-!.!^^^ A,,^. ili,.4 „i . ^i, ^.^..^i^.^ ^i.^i i^^i lii i, ..ii i. 4i., 
Uw^w iiuiii iitcdu ui and JciiLdl a ^ A ^inail ainuui,i uf ,adlu4<.ll ii j k aL.^^ icv^^^iv^U liuni t .il jKkL 
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Kppwledgg of the effects of radiation has generally resulted from data on large doses received 
in a short time. Data, sources include Hiroshima survivors, victims of radiation accidents, and 
patients receiving radiation therapy. However, most humans are exposed to low doses and low dose 
rates. To see the biological effects of this type of radiation, one would have to observe large groups 
*. .of people over many generations. Because of this difficulty, the general practice is to predict the 
results of the low doses and low dose rates on the basis of high dose and high dose rate data. 

Furthermore, in order to be conservative in ^^mating radiation effects, one must assume 
that §ome injury results from any exposure to radiation. According to the International Cunmiittee 
-on Radiation Protection (ICRP); "The objectives of radiation protection are to pfevent acute 
radiation effects, and to limit the risks of late effects to an acceptable level Fur purposes of 
radiation protection, any exposure is assumed to entail a risk of biological damangt/' There are 
certainly levels of radiation that produce no detectable effects; background radiation atid routine 
diagnostic x-rays^ 'for example. But the most conservative assuniptions are used to insuie niaxiniuni 
protection for the population 



Ihc age uf the exposed Uidivldual i^an ^icatly ulUut iil^/hci sCiuillvUy lu^Jiatiun Wh^.!i 

urgAJis are 'deveiuping before birth, sensitivity is 'high, because differentiaiing cells and cells 
undergoing rapid division are luore easily dainagcJ. ^liniiaiy. tiuiu biitli tu uiaturiiy. hi^h latt^^ of 
cell divisluii and possible further differeniiatioii make a child iuorc ^cnsiilvy tu ladiaiun cAposure 
An adult is luore resistaiit tu radiation effects Hxposui*^ howcvci iiiay give ii^e lo gciictic etfev.ta iii 
the exposed adult's future ctiildren For a peisoii beyuhd tlic lepiudu Jtiuij dg^ ^cneth; 4.trcv^,t3 yie 
not importaiit Similariy, ladiation effects which might appeai only after a long liiue (fut example 
tuihor inductiuii) would riut be as sigiiificaitt lo uiJer people as lO yuungci i.e^jplc 

Some paiU of tht body aic muie scnaitlxe to udlation etiecta than .illii.£ ptJi4 i . - ...s^i 4. 
il ih^ Uppci abd^iHien i^ irradiated thvj ladiati^.n effects ar^ moiy ^cveic thufi if i, buoy ul 
siijiiai si^c eiscwhcie wcie exposed lu tfi^ saiiic do^e This is b..cdus^ ot tlic piCijeiiC' t vUtii oiguns 
la the upper abdonrili^l area 1 lius ihe rtlutivel^ high tlusea tioni Mi.iis.cs a.ich asdyj.liil a i,.y3i,an 
be Coijrated since they aie ^ t^ntiii^jd to an exti,.ntel^ small aiea tJOntalniUg u^> vlLal bu.ly oi^jus 

U 1 adi.. K t £4 3i..uli i^ait ifi iU^ ^ttii.i, ^ will have in.. h „^ < ,i k.ii,. i ., , >imu1 
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Somatic effects originite with the response of the iiTadiated cells. The fmi event in the^ 
absorption of ionizing radiation is the production of excited atoms and ion pairs. When these are 
produced in the chemical systems of a cell, new and possibly harmful chemicals are produced as 
the original chemical structure of the cell is disturbed by the radiation. Thus, toxic niaterials may be 
produced. Furthermore, if the radiation affects chromosomal material within the cell nucleus, cell 
.division may be affected, ^^tfs a cell may respond to irradiation in several ways: chromosomal 
changes, cell death before division, failure to specialize, failure to divide cuinpletely, or slowing its 
division rate. Some cells will be linaffected by the radiation. 

Th^ cellular response to radiation is detcinuncd by a nuiubt;! ul tactuia. Amung Uig^g aij/fhe 
cell's stage of specialization, its activity, and its division i^te These faclurs partially dccount for an 
embryo s great sensitivity to radiation In the enibryo^ a ainall gruup of cells will cveiitually 
specialise or fonn an organ ^ su these uells ^re especially rddlua^nsitlvw 

r^ies^ tactors aisu help tu make raUiatiun ilioiapy pM^^iblw a |.JaiUMi wiih . iii^ ^i lui 
c^ajupk, receives a iiumbcr of exposures, giving hiii?/her a iuige total raaidtion dose ihrough the 
phenonienon of repair following radiation exposiire the ^tils bc^m tu rcpau tlic iddlalioii daniage 
between exposures However^ the rapidly dividing t^anjei <.eUs have a greater Lhance uf being 
destruyed bc^ausi^ llkcy aie nioi^ tAqueiitly in lli^ latiiOsensiilvt plages ^ t dlvUioii 

^,lnte^,unal tract tor .sXi^niple ^onn ^ell^ lualui ; i hti* ase v;cuillaui.iu *iy bei dks .41 l£;d 
and replaced b> new ,;ells produceU nearoy II a lugti duuc oi ladijaciivity is rci.civ d (htse rapidly 
divldijig t;ells will be i^vciely decseas^jd in iiunil c, It llic d^.^^ I3 not toy iu^h thv; buivWUii; ^.^lls will 
be able lu replai^ii^ thv^^^; d^^Uuycd 

it a iaJM^ t i^^i^^iii^itt^iii^n.!,,! -1 it. i t ill Mtii'-itii . . i i .ii ii I i 'iit/ii 

u*gan is UraUiaieU For in^tdu^y , a 111^; it, halu.i. di. ic tu a. an 1 lli ^wiy i.kt.ly 4;a.ise 

delei^t^bje changes in the uiui but it will w.A le^.ill in ds;jih ^ji jcV>.i£i/ duMiagc i\\c I liuid ii*aKing 

system be-aus^ thj i.tajuiity 4,f thi^ ^yatt.n .x^ not ^^^iu^^A 4u Jiy iadiair.jn Oi ihi wthet haiid a 
inudeiaie dose io th,. icp\/idu,.lls ^ ui^aus 4.ai, i cssilt J j t^jjip^i jj ) slcilJU) 



^>iidi.>me; naUija^ vorniiing general aches anu painb ai.J possibh a u.Lieas .n tlu n.jiiber of 

white geil^ 1 ocalUs^d pheiioi.teua, Su h as i^ddiiicd shiii li^as uf i.aii iii4iy b p,udu..i.<J 1 ai^ei 
doses uau^t wcakiiess diastl*. dcprwssiui. ui all bli^o^i cluj^.ci is a. id ,M*£»5ii \y si iilil., ^llll lilghei 

duse levels icatti will i>robably uccur 

.il iM U ^ bv|uliJi> llf/ifcUdt lu i J.alJ iU^ a dili i,,.. i 1 \. I ii I J , b .Uu I .1 , ^ 
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Mutations occur in all living organiims. They may occur oLtheir own accord, apart from any 
known alteration in the environment. Whatever their origins^ rrldst mutations are undesirable. Every 
individual has some of these undesirable mutations. 

Radiation-induced mutations are divided into two classes: gene mutations and chromosomal 
abnormalities. Most radiation-induced alterations are gene mutations, which tend to be recessive. In 
other words, the effect of the mutation is not seen in the offspring unless the altered gene is carried 
by both parents. Even though the mutation may not be seen in first-generation offspring, it makes 
such offspring slightly less fit. 

Chromosomal abnormalities include chromosoine loss and clironiusunie breaks These ctfects 
a^ severe, and usually result in the, death of the embryo befure birth This type ut genelic effect 
happens much less frequently than does gene mutaliuii 

The increase in genetic damage to be expected fruni ladiaEiun i& sumeiiiiica Ji^^^bs^u lu 1*^1 uis 
of doubjing dose. This dose would eventually ^use a doubling in ihg rate of gene mutations that 
occur spontaneously ^ 

111 the UtiUcd Slaly^^ abuuL 1 UU i lUUiu U 4 UJi i a i ^ 1^ w 4 a 1 u a ii ^ i u 1 1% . i . KJi il^,.^^ ,4l'«>>(( iw.j 

will tiavc dctcttabl^j genetic detects as a wunai^qugnwe ut j^'UnLant^uua uiiuvoidiU^lc gei.t^Lli. 
ehdugcs passed uu by all their ant^cstors If t* dwi*Dling dus^ uf iau(ptiuii wcic dj ^hcd l*.^ pjc^i^nl and 
future g*;ncratiuns it wuuld eventually Icdvl lu a gene nuitjtion rale ul tour percent h would lake 
on the order of lu generations tu reach the tour percent rate The Uuubiiiig dose cited by the 
Nattbnal Acadcjiiy i>f Scieat.C!i icpuil I tie Eftcut^ uu Pu^iilalh^iis ui b^ pu^urw tu I l^veU uj 
Ionising Radlatiun^ astiiuat^d tu be 40 rads (40,000 nirads) per generation. In othei words, if 
the average dose to ihe reproductive cells of all uf the individuals of the population were a total of 
40 iads truni t,unceptU>n Ikj dge 30 Ui 1 i ladj per ycai abi^ve t/awKgUMind tui cvwiy gi^ncjutiwu 
dttv^r dbout lO geneiatluii^ the laic 01 niipaiii.ig i.uUaUQaa v^i^^iild g^dduiilly inv.icuic m> tia io 
evcnitially vl. Kittle tu^ni Iwi, p^^i gut to luui pcii.^.iit 1 his ai..tjuiit ladialUji 1^ tai ul^uv, that 
ubtaiiicd t.Uiit au> wiUie.iL In .ii made AM..k^c 

li jli.itiM I'. j..,ii,i,..l tti^i t . 1 . ii . , > , t • .li , , . .1 ! 
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Under normal conditioru, the amount of radiation the general public receives frpm a nuclear 
power plant is extremely small. What are the risks from such small additional amounts of radiation? 
The latest National Academy of Sciences study indicates, according to its chairman, "At low 
doses the risks are very small. There is a risk, but it's not the end of the world," Another member of 
the study panel disagrees somewhat: "We have no idea wha^t the effects art from very low levels, 
and in any cale they arenndetectable," 

I. 

This very fact of tfeing unable to clearly detect any effect, accompanied by an unwillingness 
to say that there is no effect at all, has led to a dilemma, in order to avoid setting standards which 
would expose the public to unnecessary radiation, the National Council on Radiation Protection 
and Measurements has recomrQended exposure limitsi based upuji the foliuwmg tjautiuus 
assumptions: (1) There is a single, linear dose effect rclaliuuship fur the gffecis of ladlation, from 
^eru dose with no effect to the known effct^ta uf high Icvei dv^scs (2) 1 here is no ihresliuld ut 
radiation below which there is no effeel. (3) AH duM received by an individual are additive-that is, 
their effect add up. (4) There is no biulugieaJ reeuvery from the effeets of radiatlun Much uf the 
available evidence indicates that several of these assumptions arc probably luu conseiv^ative but iii 
the interest of safety, we assunie that they aie true undei the philusuphy that it beitti to be 
oversafe than to be sorry at spme future dale 

I he radiatiuu prutuotiMU B'**^^^ .mtN..,! ,i , * , . .»» i u, ^.i 4 .^. 

4 ..ii^sible dose tuthegencial jiupuUiiuii III u^n uni pi.^i^ntl 5i>0 inii>iu/j cl,, v^. lUituiul 
bagkgruuiid this flguie dues uut Include an l.iiil viduaT^ dlatiun d,>3C liuui iutdl4,.i| pivn edui&^ 
The NC'RP dues uut altjnipt lu legulatg .ji iluilt ladiati^^n cxpusuic fui ugiA. ssai)/ dluguuslic and 
thefapeuli*. pufp.iaes but it J.*rt iticunim.n*! ledu .iluiis in liiv e^puaur^ V, lii.Ji duc^ nut ^,onliil^utc 
tu CreatinefU ur diagnw^ia 

r^w|-li. ai I,, »Ui,j3 Ji, ....it . A ..ill iiM* Hit, . . ^ . ti'..t ^1,1 i, i i i .i i,, .Al 

....^ duetui diiu patient n.A^i d ^UU vviu i L^eiuiil^ iUJi v igh iaks I hib l pai i*.* .uri]' tu, 
itic Ji^.^g vh>4 3 Ic.^wjvgd in ia^li4tl.jn 1 1 CiiL hu. li t ha i.,in4,i;i l)i.>i L Jl^ kii^jw ll. aI ^n^J. d\j^\ ^ b.^ic^^ 
the ilsk ^.1 a ^iiCK>iid i-uui, 1 Uut ihe) .isn inay lti.igU.cn thu utt ut tliv putlcii 

\ ii. li.aii . . . ,.Ai,.ii 1^ jUO(* I icii. i 1 . 1 U ii. . . I r ,i 1 . . . II, 

II. hav, bv^.j ^ejtvous that If*! i.iaximjm expuj^Ts el ihuulu be eu Oii., p£;ili;i,h by *, 
/iivlui v>f Ui Pui t of the gOiilitiVgia)' uv^i this ^ub/et.t 3t4..ni,i ti ^iu a stud] tluiMi ti) 1^^ 1 lu^ui A3 
Mauii. w it vvorkLrs at tJiC govcfninc.t nu ,letii tai.illlli i at H.nfuiu i^^^hi..giun ^l^ at,, lied tiie 
k;au^^3 i>! d^^th wf ^ ^u, lo vtio l|aJ 1 ey istd iu ilallMii ii,p4sui^3 wjinc wv^iklng 1 t^jjil^iiU .iiid 
t,ijn«^hi.lc4< thyl AMwt; ul iha t.aneef Af^dilia ^A.t^ld b*; t.^^, udat4ui Whh luvv i%;vai ladiali ^n expv>i^^ le^ 

Oltici 54.,U ,» list.. quL.. tlo .iint. I)i ManUsi.i. s nii^iftu.is anal^ ^ln^ llit It^ia UJi iht d Btils liUVi; 

\,v>ii^.h, IgJ tbiit ti,t-u, in^ v.Vk ii^n. ail In ,i di*^ J 4ujih i ilw tl un k uii » m 4. ly mIi^ , , iiua*; i.i tbc 
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Table 7 

Estimates of Annual Health Effects 
From the Operation of One 1 ,000 Megawatt 
Nuclear Power Plant 
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shut off these pumps because if the system were completely filled with water, as they thought 
was happening, they would have difficulty controlling the pressure. Around 5:30 a.m. they shut 
down the primary coolant pumps, which had begun to vibrate, apparently because they were 
pumping too little water. The operators feared that the vibration would destroy the pumps, and. 
possibly cause a rupture in the primary coolant system, By the time the stuck relief valve was 
discovered and repaired, and the emergency care cooling system was turned on again, the coolant 
jevei had dropped so low that part of the core had been uncovered, resulting in substantial fuel 
daniage. 

Mcdnwhily itte iddiudctive wdLer tium [he i^uiUaiiiin&^Mi iMiiKliug wa^ bviiig puiuj^wJ iiilu a 
alwiagd lank ill tin auxiliary building This pumping wa^ duuj by suni^> punip.^ wlUt.li t^pcidti^d 
duLuiUaL tcaliy Wticn ihc sluiage tank Wei^ udl , watei spilled uiUu itic tU/vH and iddkjai ilvi^ ^a^Cb 
began to escape to the environmeni thruugh the auxiliary builuing'i ventilali^jn system This 
piublgin was di^t^uvcted al abuul 9 a m Thu aunip pump Wsia luiiicd oil aud ihi. cuulalfinieiil 
biitldlng wd5 scaled off tlwMi ilic C^^i ibc plani 
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FIGURES 

SCHeMATIC OF PRgSSURIZED WATIR RgAqTOR 
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fear that if the system cooled down very much, the bubble would expand and restrict the flow of 
cooling water through the damaged core, possibly exposing the core again. 



NRC personnel, using a "worsT-casi' scenario", postulated that there could be a hydrogen 
^axplosion which could possibly breach the containment buildirig and release serious amounts of 
radioactive materials to the environment. In actuality, there was never a danger of such an explosion 
because tlyre was no oxygen in the reacfor vessel, The chemical reaction which produced the 
hydrogen had consumeithe oxygen f^^i th^ water by p^idizing the fuel cladding ^ 

About this tifue. an NRC Otficial at the jj^liic reincjiked to ttiy picss thai th^ic waa laai 
pusdbility ol a gore meltdown. In the midst ut ili<^ wun fusion Haiu4d. Deuiuii auivccl to lake 
guntrol ut the NRC biaUt ^iid beg^n Ihd ^.uuidiifatl^ii iicws iglcub^s 



NRC uftlcials debated about )^iclhci aiuMilJ ii.^.uiiiiu^ua ^ ^^ii^iul ^vu,.uatiuii a,^ 

area around thi^ plant. They also coiTsidered taking uver upcratiun of the ciipplcu plaiit. but tlnally 
guncluJed that they did nut have enuugli quaUned opiJiaUOiis ^iait tu lun the plant Ihua as 'Bldck 
Friday" closed, the hatiun believed that a catdstruphe was eimiunent 

f 

^ ^4 i t u U U j a » » 1 V w i J VV 1 I I i 4 . V M i i h i t 1 V. . 1 t V. i i bi w 1 1 . 1 I i » 1 . - . 1 , ! * . 1 , , 4 I 1 . * ^ ^ 1 . .1 . I , , I i , i i 1 i I I . » 

tiuin the t^l^iiU (iw^/giiua I tiuiiibuigli tulJ the i^e^i h. lUhi j u-^a. ihv; j hii.i liiul ll * im 
iiot^^iaary to Aay InJutHs bui still advised piegnduC woiiun diiJ pi^j* liui,! childitu t*. avuid ruining 
within fiv^ nliles of the plant. Plans were oeing picpared tui cva^ iiati.jn of cvt ly >ne within 20 
rhiles ot lhilplam 

The c,0ft Wai, ^tatlv., but su..».. h^t sp.,ti r6.....nied in i 1 h^ ,.tillt, tliul ihi. 

t/MUbli, Wtt^ de^ lediiug but NKC itpungd th^t ll was gruwin^ ln,jcas,iig t!u pus^iibilUy oi an 
cxplusii*n NR(* advised the ^uvcinui tu cva. aatg di. people up tu 10 tu 20 n.iJcs jiuuiid the pknt. 
but the guveiiiui det^ldej su.^h an eVa^.Uutlun was un.vailiint.;d H wtvci intiny wiio had ici»miiicd 
up lu this tlJHe d^i^lded U> .Aid it Is esliinal^d tlmt mv^i [iic wc^ki^iM 80 oO{) iA tiu 200 000 

peopL Jiviii^ wJihjii 20 liHkd ut ihc pJ..ni it it ths^h hi ^nu^* 

X ..^ Vidatile it nil^lt ..Xplude at iuinntc hai.dJ l)i;iitu.i 10^. lUd a\ \A 00 p ni vi ut Hiij Wd3 

ful;S\, u.ij that »he bubble liatl at.utjd tw d«ii.ii^a^^ At about ihu ijaiu, tin»4i .h^ g,/ wiJii., V/a U4l\l3*;d 
that l"ic^Kicnt ailci ww4tnl vlJt Lh^ plaiit the in.Mt d .) 

^|.t!l 1 . a I . .1,*^ ll.. ,1 ..I . , n , . ,, , , 

»,it,i. a»ul l/i , bUt^t >L Vila tl.uu^iit h) i a luV i)- sh i,u. j Cj, u.... iu. ^ i,/' 1 li it il.,j 

^ulnia y ui..>lal t v^ata lud 'i:iit4:d t ll.i , Hilti.ni.i^nii ll^ tiiU^^ni i i liu;*.! , , . iitlii^ tlic 
h_>illUi|Cii and ^jAi^i uf , iiw * >ntjliii,i, i. t j ^^.n Ini^^ a. j t 
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Harold Denton told the press that the po^ibility of the hydrogen bubble exploding was never 
great. He alio began mcruiting some 200 nuclear experts from around the world to assist in the 
subsequent evaluation of the system , , ' 

"By Tuesday, April 3, some schoors in the area opened, GoveniorThonibuiih 'declared an end 
to the threat of an immediate catastrophe. 

Joseph Califano, then head of the federal Departhient of Health, Education, and Welfare^ 
stated that the maximum dose anyone might have rcueived was about 80 mfein, or about the ^ame 
as a couple of chest x-ray ^ 

^oinc radiation Was icpoiUd to cb^^yUk^ ijuni ih& idaiil piiui^iiiy tiuiu Oi^cnUig ^^^it^ii^a 
to lake water samples. 

In subsequeiit day^. it\c pressiu^; and tcmj^yi atntc ut ^ysicin lemaiii^d staUi*. uiul Uiw Iui.i 
leiiiptratUrc slowly decreased The prebsUruei was ocLaaioudlly vented to the cuntaimnent to avoid 
possible return o£ the bubble The hydrogen rcconjiners continued to lower ch.e hydrogen cuntent 
ot the confaimneril building Uy April 9, the dissolved ^usas lu ih^ i^ihndiy ».oolant weie eaacntlally 
elhninated and Gtjvernoi Inuiuburgh lifted liia iidvisuiy lltat pregnant women and pieawhooi 
childicu oui ot ttic atf^a 

hUiail) . On ApiU 1/ 11.. ..li^ u Hi.iiiih . ii.. .i i.i ...\ li .l. ..4 lw^^.. , i i iic 

punuiy pumpd wcie ^liji ajid tht; iCii.A n ^ 5 k^pi cuol I ^ th iiUtural t.uuiiihjii ol atei 
bctvv^cii the t^ttic du.l tiie A ' sit. im ^enci&U.j 1 ni^issivc ukjn up Job j^iiialm^d to be dune. 

llt*.4J \A^t4. SCVwlsii uj^. =...ii»^li4=. K.i th, . .i,l|,jUwi* . iU. tfUpiiidl uioUi^.l lilt jdaiit 

ih. iinittl baLk^jround .adldtion la tht aic.i u atiOiu i i5 nire.n \ ci ^ c^r The nijxunini. do^e thai 
a.iy nc in tnc puLdi^. v.\.nld have ie. eiv d tMi.i.iiCil 4.1 Uh; iMid^c on the^noitli aide ot tlie idanl 
buUtiddiy .46 il v^onn^. la U> thu ni .iidanii 1* sh ah i.oin.niied Uidl if 3..iU4.onc Imd st^ycil jI Jiat point 
24 huUii ,1 Ua] dnlinfe tl,w Li. idtnt that .wu vVuiiJJ lidy^. iSi^tivod a tibial dusv kA An ui d3 iJiciii 
Thg niaALuuni iCtudU) lEucivcd by .uiy liidivldudl wu^ ic^a tliail this . alue 

1 i 1 tneii I yfi I iv .iii li L.iii. iili.'ii an.i W^i^ul*. . ui> uT^jl^ i itiai 1 1, \ 1 1 1 t > t ^ 
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wl !i< u In v.^Li».iul^o tl al Jii^ *. ,i > i,iu; ^uuil ^mi^*. Ji. ..ddlli iial li; ii « .4 Jt^ajl.a lil IliC 

in.^juiavion i>t iaoO<H. J tupu ilvlii^ \ lliUii I () iiiiis^^ ut Uu. jdi^.U [f LiMifii vv* nid 
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A survey on the social and economic impacts of the accidOTt was commissioned by NRC and 
con^cted ^in the summer of 1979, Thr sumy ^owed that the cost to people near the site was 
%IW.2 million in evacuation expense and lost wages. Two out of every three children under five 
ydars of age and three of every four pregnant women in the, area left during the emergency. 
Twenty-two percent of those responding to the survey said that some member of their family 
suffered extreme emotional upset.4Mring the ehiergenqy period, . ^ 

JThe complete effect of the aeuident on the future of nuclear^uwur i& jiut known but it lias 
certainly increased the apprehenfflod of many pedple about this enefgy source On the other hand, 
supporters of nuclear pdWer say that if lessons learned frgiu the accident are piuperly applied, 
nuclear power can be made safei , and it should cuntinue tu aupply an increasing ainuuul ut uur 
electricity 

Nuclear Power. Future PruspecU 

Nu^lc^ai puwfc^i ha^ thus lat littU a ^.../xl ^ai^iy .^....al . 4i i. J4 ^ 4.1 .,.J.. i i ^ 1^,.. , 

1^ ^wiicrally le^3 cxpcnslvt. than that pfoduced by coal ui uii This h^s le^ulNd ii. lii Jui 5.avj,i^5 k)i 

ci/nsumers, while at the Saine tunc helping the U.S. ds.cn.asc its di;peridenoe Uii iinportv^d oil And 

the uriique dbility ut nuJear power plants to keep upciallng lining severe w.^ather Coudilii>nii sudi 
as itie fro^^^n coal piles and barges uf 19 77 an J during a ndlicnal coal ^tfik*. in 197b helped u> ivcrt 
niajoi power outages In those yeais ^ 

l>cap ii ^ i hi^ pt^i K>4itkUiiCw tilgi^; vswi^ , i ..s:^i<^£lk ^. . , ^ i . i li.n l .A 

from \^15 to 1977, resuidng hi a net a duction of 14 jajge plants lined 1 1)5. Itm^^ va.e 

two new oideis fur laicleai pl^itb in 19/S i)£;lay3 hawa tu.t^ucd in building lh». pl inth uhyady 
ordered, and in ^.ompleting the plants nndg, 4.unsua.,tiu.. rticie are many vtA^ui.s rt/hy ck».tiiw 
utilities are nui uideiing nuclear power pl^iUa One is ine tai.i th^t the growth iii LieiJiiL-al 

ConsUni|.iiOn diU alow dovvn tor a whUc \cwuidi..g to a lH>t aluu^ dn*./thei piin^.ii A ^juaon tui 
tlie in nu leai plant Uidcia Is the peu.. ptlon by Utih.i, 5 tha, tJic executive hiajuJi ut liit t^di, lal 
guv^rniiie.it, ihou^ enUoislHi the u^e uf li^it water reacti.rs ij* th*^ National Huoig) PUn nas liut 
supported uuc^ieal powti by eaayln^ i-'**! the fcjcidl i ^^yunaibiAUii^^ lit..en3ni^ spCiH tUc.! ii<.>iafie^ 

waste isolation, and fuei eiirichment Anotner major probleitf'Yacey by utilitiJs is the long and 

iiUi^eliain s^^ficdiil^s foi ^Jiilplction uad the iupldly e^i.alatiu^ 4.03t^ lien ^ ^^li^ti ^4 ^,1 h . ii delay a 
Dy*^Ui These deldys ,>ttta iq^ult tlv^^.i ih*. ditnoulty h. r>L iMlulufc the ii i^casa. / lii eii^ing li. Milnga 
hit vy^iOUS h.^en^y^. bather biiweJii ihc otiill. and jKiii iliib eonc liled dbi^,it aattity 

pliiikt siting wa^te litfal Sli.iage atl.l ti un^pOi tall. fU in, dea. Wii&te - d.iCQiinuis^jli iSin^ ..ik1 lh«i 
pv>^^iLili(y ifi tls^iv.Udbh lui^tcrlui^ t;.,lii^ divwiLed t.n t^ig in \ t^jiib^ S unc qucbti^^n the iic^d 
int^ioa^e eiiCi^/ suppllcSi iii ^Jiy h>.iii A,,tjth4ii ft. ,toi ha. U 4;ii the ilttiCUU)' in 34^4. . . 1 iii^^ iMit^.i*; 
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countries had licensed. 220 reactoj^,^^^ an additional 3'20 reactors were gnder coristruGtion orgn 
order. This has not been* without soi^e&ntroversy, since increasing opposition to nuclear power in' 
many countries has come in the face of its continued growth, ^ . , / v • 

ELECTRICITY . 

In 1977, about 27 peri^ent of the primary energy cunsuindd in iUc U.S. was used to genera^ 
electricity. This percchtage i^ expected to incrcdsc betjausc ^utne of the ciicigy sources Iha^aft 
expected to be available to us in the future are best suited fur produoihg electricity^ Because of its 
importance in our day-to-day live^, electricity is included in this section on eneigy suuic^s, 

lii an calhiiatt^d Iwu trililuli k Uw v\ .1 1 1 hu ui a ..1. U^ weiC ^^iiti alcd , wUli 

^jUiuriDuiing 41 percent, oil 17 percent, gas 14 pejcei.i, nuclear sources 12 percent, and 
hy,diuelcctri<^ ^tys 10 pciecnt 

1 his elect 11 y wa^ u^^U by iht ».tj.i^uu.uig^wLMi i, .iiuv\ ^ , _ i ! ^ .iiiai ^ j. , . i Jm^U lai 
4l 4/s,.v.gnt K^uiuniei wldl 2j peiv.£;ili and i>thgi 4 pcictiil j ^ ' 

thv. v.L. t.i u ui. ,1 at the 1-.: i» • 'J "i?^' ' i 1 .iUL^tOriti^ , 

wi.^i. v<^Hags lb steppeu u^J in unich jhu sari»c xvuy li ^ . . > tMulUj u|j \^'atwr press in a hOi^i 
VVJien the desired voltage 1. reached, "ti e electihily mie.s An tiansihla^iun sysieni lu ue Caiued 

wiicic U 1^3 needed Lie*. tu.Ji y Uavels at uearl> tlig ^peed llt^Ja U i3 used .il uli-.wLi thii aajile 

lu^LuiU It is ^u>du» ,,d 1 lu. hlijiJ Vtdltiti^ uan^iaiasli^.i line^ ai iihiuul) .Cfcd ab^-^*- gn,uiiU lliCic lb 

some Um of eleotriciiy as it passes thiough the LiAus St-.*pMiDWn ti.msformers tLrther rtduce tiie 

Vt^|ia^<^ Im tii*^ ^ii^^j^yi IgVi 1 n>i ,.k>jiatunt;l^ 1 h^, iuw^i voUaM*- d is U Umi t Uji i Ih.v^ ^ an l;Uiined 
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i\i |>l V idt. \, ^ i i \ iSl V ^ I vK V. in 1 I t U t dui ig li i» »i i 1 hc i j 1 l a * d hi \ * ,1 * i w p ■ ' p^iilt^ 

Ms regulat4.d by federal and stidt agencies 
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economic recession and unemployment, O^he othej^hand, utilities cannot afford to have too 
f ' fnueh excess generating capacity, since it is expensive to'^build and n^aintain whether it is being used 



or not. 



Z ^ .-.^.^ ' Another problem in electricfil generation is that there are presently no goad, economically. 
• feasible ways to store electricity. Batteries are'^ expensive and have' limited Hfetiiijes. Pumped 

, ; storage is being used at some power plants equipped with hydroelectric capability.- 

In this system, electricity generated at off-peak times is used to pump water into a reservoir. Then 
at peak times, this water can Je used to operate hydroelectric generators to produge extra 

* electricity. This storage .method has limited application, however, since few suitable sites exist. 

This lack of a good method of storing electricity is a significant problem, because iiemand fbr 
electricity varies greatly from day to ni^t anf from season to season. Since electricity has to be 
-generated*as^it-is-uspdHha-ganirating-capacity-must-^be-large-enou^^ 

demand^ while in off-peak periods only aboiit 50 percent of the generating Capacity might^be 
needed. Since the genarating/equipmint is veiy ek 

cost of electricity. ^ . ^ ' " ^ - ^ 

It is possible that ''time-of-day!' metemig will soon appear on a wide scal^. It is'biing tested 
Jn_some_.areas. -Under- this-syitem,_elactricity-^used ~at^pea^^ more than - 

elwtricity used at other times. This system would hopefpUy encourage people to even, out the 
demand for electricity. This could mean more Industrial work done on a night shift, and; residential 
.activities such as running dishwashers and washirs and dryers dona in the evenings to sive money. 



ENERGY : POLICY AND PROSPICTS 
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PRINCIM,ES OF ENERGY ECQNOmCS 

..vMany^ of ecoMmics^^^ roiJ^inely discussed in; newspaper, magazinasj and tel^sion. 

Soma of those aspects which aris^in consfderihg antrg^ economics Include competition, monopoly^ 
cartel, windfall profits^ supply a^^^^ demand, enwonmental affects, and scarcity itself. We can 
better untderstanid our present energy problems and our future possibUitias if we htve soma faaling 
for the meaning of these terms. . , .\. . . ' .\. . ■ ■ ■■ •; 

JEcQnomics is simp^ thtf science of Mlbcating scarce resources. If any knid of useful good is 
V itnily^^ a^ or allocated, and it Will be firae-4 to 

chargp tor som^ of itj^peOBlev would to get it ftpm another sburce; Only scarce resources 

^command'a price;, prnead to be allbcatadVTO of a scarce good represants what abuyer has to 
. give up when he grits the good, and seller has to receive befbre ha parts with the good. But 

! tl|e prica also serves as a si^al to both the buyer and the saller-when a gopd becomes suddenly 

scarce,; for whatever rtfason, the pncc^norinally goes Up until buyers want en ou^ lass, ^d sailers 

provide ariouyi^mprertHat no other kinds of 

Competition exists whenever real or potential producers have the opportunity to make mora 
profit by lowering their price enough to sell more goods (thou^ at a lower proflt on each). If 
gasoline station^ buy gas at 600 , and are all Independent, they tend to sell their gaffor about 65 0, 



because the stations need about 50 per gallon to stay in operatiop. Suppose a station sells 50,000 
gallons per weqjc; servicing about 700 cars per day. Tlien 5 0 per gallon yields-the station $2500 f 
each week to pay its rent, wages for the attendants, other operating costi-and owner's profit. If the : 
station lowers its price* to 630 , it needs to sell 83,333 gdlons. to get the saifie $250Q; if it raisei its v 
price to 670, it can get $2500 by selling only 3^,741 gallons. Whenever there is true competition,' 
a: station which raises its price too high will lose enou^ iales that even at the higher price, its total . 
profits drop. If a single station raises its price to 800, it could make 200 on each gallon, but it ; 
probably would not sell the 12,500 gallons it heeds to make $2500 if other stations were still 
willing to sell at- 650. - ^ . • . r 

Monopoly exists whan a sailer sets a jjice ; without losing sales to competition. If a gasoline 
station is the only one.in town, It will be able to charge nxora for g^^ of 
1 threajhingsjiappen^^ use lay gasi(2) thay flnd;another town where they can |>uy£ 

gas ; or (3) ; somabody opens a competing jas station because it isnsuch a: profitabla business. 
Mdnopolias are usually unda§irable bacausa thay can earn an unfair pro fit , and because they reltrict 
the availability of t hair goods{ Fortunately, either real or poatntial competitloYi usually prevents ; 
excessive monopoly power. However, some activities (notably water, natural gas^ electric, ^arid ; 
talaphona utiiities) are such that ohca one firm has initallad the nece^ary pipes or wires, it is both 
expensive and rundasirabla to; have another firm go in to cqm petition with t hem. S Ach a '-n atural. 
mbnbp61y" ls often regulated by the govammant. l| tha only problem with a monopoly were that it 
makes too much profit, a tax on' that profit would ba the aasiast and best way to solve the problem, ; 
But the main affect of the monopoly is that by^tting too high p price, it sends an in com 
signal and f5rces paopla to use too little of its ^n good, and too much of other substitute goods, - 
For instance, a gas station that is a monopoly might force people to take time to drive to a cheaper 
but distant gas station. Regulation tries to. prevOTt problems like thes^.-^ - . . .i;. _ , 

A cartel exists when independent sellars band together to act like a monopoly; If at owa has 
only-two-or^tbree gasoline stations, they would.ordinarily^ba i^ 

oligopoly. If they agree not to competaj^ they Oa"n charge a higher price and split the full monopoly 
profit among themselves* Some nations approve of selected cartels (usually on the grounds that they 
lead to more economic stability), but in tha U J. such an agreement would be termed collusion 
and would violate anti^trust laws. A cartel or trust has most of the economic characteristics of a 
monopoly. OPEC (Organization of Petroleum. Exporting Countries) is clearly .a cartel. It must be 
recognized that whUe a cartarcan and does charge too high a price, that price is limited by demand 
for the carters product, for the cartel attampts to maximize Its total profit. The more that higher 
oil prices lead to conservation, tha lass incentive an OPEC cartel has to raise Its prices. 

Windfall profits are usually taken tp mean unexpactad or unearned proflti^eBpaclally those 
that exceed the profit a supplier neadad to count on before he want into business. Whan OPEC 
"placed an embargo on oirin lata 1973 and raised oil pricas dfarnatlcally; U.Sr oil and gas ware 
automatically wroth much more than thay had been; In a freely compatitiva markets oil and gas 
prices would have risen quickly to signal for less consumption and mora production. (Germany and 
Japan _ dealt with thair energy crisis in this way^) But in tha process, existing oil an4 gas supplier 
would also command the lame higher price, and the suppliers would theraby make windfall profits. 
Since these prpflts are usually make by large companias at the expense of paopla who depend 
on fuels for heating and transportation , their unfairness has led the I J.S. iq ^alntain various kinds 
of price controlsr Many vexing politlcai and economic pmMems ceht^ tfiIsTcih<i~of 
issue-^whethar or not to allow prices to parform an afflcient job of allocation, at the expense of 
inequitable costs and profits. 
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Supply .and demand are simple concepts, yet are. widely misunderstood. A shortage of fuef' 
I / . does not mean that people are usin^jnore fuel than is produced-it means they want more than they 
. are usmg. Strictly speaking, no "shortage" can last very long before people's' wants are translated 
■ mto higher prices-any continuing shortage of a market good must be due. to some, form oforice- 
controls. , - • : - ^ - - / 

Environmental effects are called externalities by the economist, and refer to goodt which 

>., r.,- 7. are not incorporated in the market. If you and I both keep aH oiir.trash on our own property, or 

/ both. dump our trash into a truly bottomless pit, no externality is inVblved in our trash disposal. But 
if only one of us has access to such a pit.^or if the frash Wuses a problem for someone else, the 

: -r; whole logic of (he marketplace is distorted. The producer ihould charge his customers enough so 
that he can pay his suppUeri for all the materials he uses. But suppost that one of the things he uses • 

- , . IS clean air, in the sense to he puts but a lot of dirty, smoke, for every item he makes. If he does 

r-^not-haVe-to'pay;fprtHi7jir-Hrhas-dirtiaarh™^ 

many of this items, an^e will make the air too dirty. Note that we said above that price controls 
were at the root of eygft^ continuing ihortage of a market good. For non-market goods (external of 
environmental effects) a physical shortage is, in fact, quite, possible. We can be confident that the 
world wUl not truly run out of copper, or coal, or oU-as they become really scarce; they will 
. become expensive enough so that they will be saved for their most vital uses, and substitutes will be 

__,__^found-for- the less important uses.~They become expensive because thty ire each owne^ W^matitie " 
who sells them to other people, and who charges a higher ^rice when his good becomes scarce. But 
j,^ clean, water, fresh air,^a healthy environment-these could be used free, and could, therefore be used ■ 

1 , up excessively. - . »• . _ / : ' " . . ■ . . ' ' - 

. The economic rationale for most conservation and rktioning p^pgrams is based on ideasiike* 

f ~ these. Policy-makers judge that generally higher prices would, hiirt low-income and fixed-income 
groups, and selectively higher prices would be inequitable, % they try to discourage the energy 

uses that would be dr opped if prices were higher. These uses p robably include. electric h eat, fuels for ^ 

indoor temperatures higl^fer thin 68 degrees in the winter or lower than 80 degrees in the summer, 
gasoline used fpr speeding or for some weekend travel, and so forth. ...... ^ ^ 

The important thing to linderetand Is that -higher pieces would resolve our energy problems 
|ather quickly, ,but at a cdst which seems unfair to inany.:. Conservation programs help prevent us 
from making choices which will cort soclety*-aU of us--m6^ 



THE NATIONAL ENiRGY pbLiCY ' 

"The diagnosii of rhe U.S. energy crisis Is quite simple,: denfand for energy is increasing, while 
supplies of oil and natural gas are diminishing. Unless the U.S. makes a timely adjustment before oil 
becomes very scaTqe and very expensive, in fhe 198d's, the nation's economic security and the 
American way of hfe will be gravely endangered. The steps the U.S. must take now are' small 
compared to the. drastic measures that wUl be needed if, the U.S. does nothing until it Is too late." 
These are the opening words from the first National Energy Plan from the Executive Office of the 
JresidMt,JneriyJolicy,and Planningv in;A^ 

"Shortly after President Carter proposed this National Energy Plan, the Department of Energy 
began operations. This federal agency is responsible for adtninistering the national energy plan. 
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The National Energy Plan was an attempt tdaeal WitH many of the>energy problems faced by ■ 
.'■ "^-• oOT-natiDn. After its proposals were put forth by President Carter, Congress deliberated for nearly a ' ; 
'-.^ year and a half before passing the National Energy Act on October 15, 1 978. It enacted some of the ^ 
'President's proposals, rejected others, and passed, some in a revised vemon. The National Energy 1 
" " : AcTis' composed of 5 bills. They deal with the foUowing major areas : iconservaUonVuie of alternate ' 
V ■ fuels for gas and oU, regulation of public 'utilitie.s, natural gas pricing, and energy-related taxes and *- 
.« taxcredits. We will briefly discuss the pro visions of each of these. ' ^» . - 

„ W ' - 
^- ' ■ The National Energy Conservation Policy Act of 1978 (NEPA) provides a program- which 
requires utilities tp help their residential customers identify various energy conservation possibUities 
• ; . . - w also ^help. aAnge for ^• 

' . • installation and financing of such Measures if the customer desires. The act provides grants for 
insulatjug jow ineome homes, ^^^M^ hpmeqwners and buildei^ for purchasing ..soIm"^ 

equipment. It provides loans for home energy consMvafion measurisjlnd^rants to improv6~the" 
energy efficiency of schools and hospitals. The conservation act calls for energy audits in public 
buildings, and sets energy efficiency standards for m^or home appliances. It^lso provides for fines 
on auto manufacturers who fail to meet set fuel economy standards. 

Tf^'v s S Fuel Use Act of 1978 prohibits the use of oil or natural gas in 



^1new?^Stri£^l^^he^^ 
that can burri'coifl td ao so . listing gas-ftiele power plants cannot Increase the amount of gas they ; ■ 

. burn, and, with certain ex 

■^i'^rografti to'^lp^utilittts raise several programs to reduce ' 

. the negative impacts of increased coal production. , _ . . 

'The^public Utility ^eguW^ on rate J 

sthreture arid other u^^^ for consideration by state regulatory authorities and: ^ 

-inbn-reguiated utilltiesj^lt provides fbfJru 
a loan program to aid development of imall hydrbelectric projects. The act seeks to expedite the 
issuance of permits tS cntde oir^ ■ ' 

policy. ■ if., ;■■ ' . ' V- 

The Natural Gas Policy Act of 1978 provides for a series of maximum prices for various 
categories of natural gas, including" gas sold in both the interatate (between, states) and intrastate 
(within the sairie state) markets. Previously, only the Interstate rates were federally regulated. Price 
controls on newly diseovered gassahd some categories of high^^ lifted as of 1985. 
Another p'rovisiori of tlie act establishes protection of residential gas consumers by first passmg 
through part of the increased gas prices to Industrial users. The President was given the ay^prity to 
allocate gas supplies to insure that In the event of a natural gas shortage, the best p^gfilp- use is 
ihade of gas supplies, ; J ^ "1 ^ ^''jqp 

The Energy Tax Act of 1978 provides for an income tax credit for residential insulation and 
other energy terisefvation methods, and for installation of solar or wind equipment. It establiihes 
' an excise tax on "gas guziling" cars, and exempts "gasahol" from federal excise tax. The act gives 
incentives for the . development of geo thermal. resources m the form of investment tax credit and 
special depletion allow an ces.: It gives business tax credits fo r Indu strial in vestmen t in alte rnativ e 
energy equipmenCahd deiSlix^b^^ 

It Is estimated that these measures in the National Energy Act will save more than 2 million ^ 
barrels of oil per day by 1985. 
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p|j|li;«33iJri : MajP of "I ^9^^ 

" f --^ ^attempt to deal with issues, notably oil pricing, not covered in the National Energy Act and to 
further empJhasiXe conservation and the development of new dofneitic energy sources and " 

r - ' . ■ " - The National Energy Plan II proposes ah energy strategy to deal with the different problems 
that can emerge in three time-frames: the near term (from now "to i985)' the mid-term (from 198S • 
_ ...to 2000). and tM long term (2000 and beyond). This stfategy is quoted here: • • - 

■ "As an immediate objective,.whioh will become even more important in the future, the Nation must 
reduce its dependence on foreign oU and its vulnerability to supply, interruptions. 

i^s:^.. j 5 JMi! I? iMe nq ,J|a^QJJust^se.ekJo4 

and to extend the period before worldoil demand riaches the lunits of production capacity and (2)- 
develop the capability to use new higher-priced (I'backstop") tephnologies as world oil prices rise. 

The Nation's "long-term objective is to have renewable rifid essentially' inexhaustible sources of 
enerH' to sustain a healthy economy." - " ' - ., 

■ . ,' - The =major portion of National Energy Plkri II deals with the near ^rm strategy by phasing 

out price controls on domestic oil to encourage production and discourage consumption Under the 
current price- control system, most U.S. oil falls into one of tWo caftgories: "old" oil which is • 
defined as production equal to the amount an existing field was pumping in 1972 and "new" oil 

• which IS production from oil fields that exceeds the 1972 level or oil from weUs drilled after 1972' 

^ _ . Pnces of .both categories have been held well below the world price set by OPEC. For example in ' 
April Of 1979, "old" oil sold for about S6 a barrel; "new" oil about $13, and OPEC oil for more 
than $ 14. Because of this system, some old wells have been capped even though they have not run ^ 

. ^dry,^because the^controlled-cost is-relatively lowr^Alsorexploration costs have risen more rapidly 

than the controlled price fof "new" oU, so that domestic production has continued to decline 

These controls were set to expire automatically in 1 981 , but the President had the authority 
^ to abohsh them at any time after June 1,1 979. Presides 

• stages, to lessen the immediate impact on the econbmyri€»econtro 1979 and wlW*" 
be completeby October 1,1981. ' ' ' ; 



. . The pepartmen that lifting the controls WUl quickly'boost production" 

from plder^.S. fields and bring on a new round of exploration. It is also expected that the higW^ 
oil prices brought about by decontrol will cause many oU usew to switch to" other enei^y Purees: ^ 
Decontrol of domestic " oil prices wUl cause gasoline. ^prices to Jump sharplyi along with all 
^ansportation costs. Home heating oil prices wUi a^^ 

bnnging food costs up. All these things wUl add to the country's mflation woes. But President 
Carter felt the steps were necessary to halt our growing dependence on whate he caUed "a thin line 
of oil tankers stretching halfway around the earth ... to orte of the most unstable regions In the 
world. ' 



Congress to pass a windfall proTifs tax aimed at keeping these profits down. Under the President's 
proposal, half of the profits the oil companies would get from rising prices would go to the federal 
government. Added to existing taxes, thLs would leave the oil companies about 30 percent The new 
tax would produce an estimated SI, 6 bUlion In 1980, S4 bUlion in 1981, and $5.8 billion in 1982. 
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Some of the tax money would be used to" help lowirincpmr families cope with rising energy costs. 
Part would be channeled into mass transportation,, bgludlng rehabilitation' of railroadsi , The rest 
would be used for other energy projects such as the development of new energy technologies.. 

The President's "proposais ^^^to bppoati&n in Gonffess, and as of this writing th^y have no^ 
been acted upon, . ^ ' i.* „ 

in the Nationd Energy ^Plan'IJ, President Carter again stf essed consarvatioiu calling it ^'qur 
cheapest ahd cleanest energy source." His new plan proposes a variety of voluntary measures, such ^ 
as sttiet adherance to the 55 mile per Jiour speed limits the use of xar pools and mass transit, and 
thermostats set at 65 degrees in the winter and 80 degrees in surtmer, If^€uch voluntary 
conservation doe§ jiot occur,. President Carter plans to ask Congfass for passage of mandatoo^. 
measur^St^He^h&s^already^adcedifQr^the-aiithorit^^^^ 

ordered^fedetal executive agencies to cut energy use by' 5 percent. \ ' ' 

' ^ ' — . - ' ^ ^ ' :s ^ ' - - -4~ 

;ft'he Presfdent is also allowing some relaxing of environmental standards. He, has postponed a 
fegul&on whic reduce the 4ead content of gasoline, and has 

opened the way for emergency use of high-sulfur fuel when the prices of lowrsuifur oil get too high. 

In the area of nuclear p^wer," the administration policy is that "the nation needs Fo develop 
safeguards that will ^low light water reactors to continue to meet an increasing sh^e.of electrical' 
energy needs. '1 Research and developmenton breeder reactors will be continued, but demonstration 
will be deferred pending further study. 

^ The federal ener^ policies and progr^s^of-the National Energy Plan 11 can be briefly _ 
summarized as follows: ^^ -^^ ^ ^ ^ 

Ca~nS^rva/l£>fi.^-"-^EncoH^ge-conservation to reduce the rate 

_ improve the productivity of energy use through improved effi^ 
Oil: * Paise domestic oil production and encourage conservation throu^ decontrol 

of prices. Tax windfall profits and use revenues for relief for the poor and 
' energy-related projects^ and research. Continue stocking the Strategic Petroleum 

" Reserve, Ultimtftely to one biUion barrels^ , 
f{dtural Gas: Encourage domeitic production by flnancial incentives 

Coal: Enough use In place of oil and gas wherever economically and environmentally 
feasible ■ - - ■ .3, ■/ • .. • ■ 

Nuclear: Use li^t water reactors to generate an^^creasing share of electricity. Work toward 
resolving nuclrtr waste management Iliutt^^ : 
sacrificing safety. 

Other energy sources icheduled tor research, development ^and/or demonstration 
^ Coal llquefication 
Coal gaslflcation 
Breeder reactor • : ' 
usion 

Solar energy . ^ 

^^^^^Geothemal.Anergy-.^^:.^-^^^^^^.--^'---.^^ 

Intematioml cooperation: Meet commitment with other member nations of the International 
Energy Agency to cut energy consumption 5 5 percent by the latter part of 1979 

In a speech given on July 15, 1979, President Carter. made some additions of his energy 
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^ proposals and policies; At that time, he ammounced the re-lmposition of qjtiotas to limit t«e'amount ' 

■ ZZV ".^ '"^^ that:imparted in 1977. He also set a EoLf .uttinXTr(s7mt 

-^^i'lr^t n f?T'' ' *° '^^^^loP new energy sources. He callei for the - 

■ ZT"f ''f uT'"" Coiporation.and a Solar Bank, financed the proposed wTndfa^ ' 

■ - Z wre^T °" P""^- J° ^P««d major energy projects through goverrtmen'ted tape" 
} th& President proposed creation of an Energy MdbUization Board. * >' 

• ■ tha" f Jt", 'Pf'*'' ^'^'''•""^ Americans td be as-fariiliar with- ' 

inn nf/ ""''f • ^^^^ ^"^^ '^^y ^^^t'^" «P°rt- Although both mlght^ ti^eTbe 

■ fccorlgir""'' " *° ^*-«'ves on the enf gy situatLn and™ act.; 

^ - _j \- ^' ' - ■ r 



WORLD-WIDE PERSPECTIVE ON THE ENERGY-PROBLEM ■ 

• f h. ^TJ'^' ^7rZ '^'^^ °^^«^'thy, can now view the future of its citizens independent of 

- tl^l- °V ^T'^- ""'"^f independent, but Se part of ^ 

""n5^^rS7?-7°^^^^^ increasingly dependent^on thrintemational 

^7JLI t f " Middle. East, controls the lion's share of the world's known 

LtrfanfnH''' ""^^ ^ ^ ^"^^ ^'^^^ °f ^^^P^rt^ble grain supniies. 

toterdependence among countnes ,\so great tfiat the size of automobiles and level of thenrioS in 
the United States are influcence by oil production and export decisions in the Middle East Food 
. supplies in the Soviet Union and Japan are strongly influenced by U.S. agricultural export decisions. 

the JIm * hT*^"' i"P°rt"it to understand something about the energy situation in the' rest of 
the world, and how world-wide energy consumption is likely to change. 

^ hiah>.^n'°""*^'%'*^^"'^ "^x""^* Closely related to its use of energy. Those countries with a 
" l^^^'^Tt Person) incqme generally have higher per capita eneiiy consumption: As 
^^wpected. the United States leads the world in energy consumption: Furthermore, the 
LJi^d StatRs^us^s more energy per:capita than otheivcountriesw 

■^r^i^ ex^ss energy is used^to gtow food arid manufactuM pwducts which are then exppi?^ to 
other countnes, but a great deal of it is energy that we could conserve and in fact badly need to br 
conserving. Insure 6 shows the relationship between energy consumption and gross national product 
(a measure of standard of living). : ^ »^iiuiidi proaiici: 

whfereltf^^''''?- - 'r""*'*'' °^ ^ "^^^ ^ ^"^^ P^r-omta. These coumries. 

only 2 percent of the world's energy. It is estimated that by the year 2000. they will consume no 
mor^than 4 percent, with 55 percent of the worid's population. The developing coun^^tS^ 
worW are expected to show the sharpest rise in per capita energy consumption. In all^^ln^ 
capita consumpt^a m the U.S. and other industrialized countries w^ hopefullj^S S 
countries share qf the world 's energy consumption more into balance 
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• ENERGY: IS THERE ANOTHER WAY? 

The following section describes altemalive sources of energy. Some are in limited use 
today, while others can make no contributipn to energy supplies for mgny years. Some may never 
prove to be feasible. 

OIL SHALE AND TAR SANDS 

Oil' shale is a flnrily textured rock 'that contains a tarlike material calied kerpgen. When 
melted kerogen gives off vapors that can ^b oU. This shale oil can then be reflned 

into oil 'gasoUne, and other petroleum products. Oir share deposits are located pnmanly irt 
Colorado, Utah, and Wyoming. Tbese deposits are estimated to contain the equivalent of se^^ral 
times the estimated recoverable oil in the United States. - 

There are two general ways of recoverini shale oil. The one that has already been 
demonstrated is above-ground retorting, where the shale Is collected and heated, distilling the vapors 
lo p^dGSelhelRafiWThe"Hh^ 

breaking up the shale underground by hydraulic pressure or an explosion. Some of the shale oi] 
would be burned in place to provide the heat to liquify more of the shale oil so It could be pumped 
from the ground. In^itu retorting has many unresolved problems; control of the explosion and 
Underground fire are among the largest . But it is being studied because above-ground retorting has 
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- . two tremendous drawbacks. One is the strip mining that an above-ground operatibn would entail^ 
and the other is the disposal' of wastes. Even high-grade shale is about 87 percent rock or inert^ 
. matenals, and these wastes sweU up to almost twice the Volume of the original shale When theVare 

removed from the ground. Nothing wUhgroW on these Pastes without lane quantities of water in ■ 
-.^areas where the water is simply not available. " ■, ' " ' "" ■ 

'v. ; ■ ■ . ■ - . ■■--'/•^ ' 

^ ■:' .P"^.^f " " expected to soon begin produ'cinj shale.oil on an experimental basis in Colorado'' 
The oil will be, expensive, and proposals for a $3 per barrel tax break or a loan guarantee are before ^ 
Congress, along wjth the synthetic fuel bill which would provide price supports for fuel made froln 
snfale and other substances. , ■ - ■ : ' „ . " , 

,.' ^ i_ - ' ■ 1.,^ ^ , -. 

- J^*^ °^ "^"^ particles coated w^th a tar called bitumen. This bitumfen cari be ' 

-extracted-and^Tefmef'into-fuelsrTarsird'ria^frfi^b 
•recovery, and U.S. Ut sand resources^are smalWr than oil. shale resources,- so the future use o'f this ' 
matenal is uncertain. ' . ' ..... 

* MAGNETOHyDRQDYNAMICS i - 

^^ One long-term ,possiblity-fM- the more efficient and relativfeirnonipdlluting SteBf coal iS^ ^ 
magnetohydrodynamics (MHD). In this process, a fuel'and preheated air-are fired in a bumljr at very 
high temperatures. The resulting ^combustioh gas is "seeded" with potassium or cesium salts 
. producmg an electncally-conducting hot gas. This gas passes through the MHD generator which is 
surrounded by, powerful' magnets, and produces an electric current. The hot gases can then be used 
,m a conventional gas or steam turbine to produce more electricity. / i 

An MHD resekr6h program is being carried -ipt jointly by U.S. and Soviet scientists and 
^gm eers m M^scow^ jJaturaLgasjs bemgji^ed^h^^^ injhis.experimental work, but because of— 

supply considerations,, coal is envisioned as 'the fuel to be used in any commercial application 
7'intneu.S, - - — _ _ — , , ^ 

^ In addition to the joint U.S.-Russian venture, DOE also has its own MHD research program 
Commercial operation of MHD plants will probably not occur until early in the aist century! 

^ , important hurdle in: the MHD propam is the development of a suitable coal combuster 

for MHD requirements, which are different from those for conventional coal combusters Another 
imptfrtant task is- to fmd suitable materials for th MHb generator. This is difficult because of the 
very high temperature that ^his materiar^ V . 

.t. ,nTHW° ^ potential Bfticleocy of 50 percent or more, considerably higftirlhan 

meJU to 35 percent efficiency of current steam generating systems. : ' . 

Pollution Should also be less of a* problem with MHD genefatora. The seed material used to ' 
increase electrical conductivity reacts with the sulfur In the combustion gasM to form a solid 
substance that can be recovered. Thus MHD generatora should be virtually non-poUuting as far as 
sulfur IS concerned. It is also hoped that the combustion process can be controlled in such a way as 
to keep the formation-of nitrogen 'OXidWTOa particuISfe^ 

GEOTHERMAL POWER 

earth's survace are vast amounts of heat, caused by the decay of natural 
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'\ r radioactive elements, chemicahreactions, and f^ictiori;^13lis gedth^rmal energy can sometimes^bi 
' - '"tapped to provide usable, energy. Theoretically, such .energy could be obtained anywhere on eartfr 
by drilling deeply enough and extracting tlie heat. In most part's of the world, however, the hqt 
J '"'''areas are too deep to reach witli present dnUing methodic But in soma areas, includinl many places 
. in the western U.S., large areas of heat He. relatively close jo the surface. Thia^gccurs pnmanly m 
: ' volcanic regions and along geologic faultS^. _ ji'-^ i. , . iX /-h . / L ; 

, ' The foui niajaf typi? of -ge'othennar resources are dry stearh, wet steMi, hot 'dry rock, and 
-geopresupzed Zones.; " " ' . ' T,'-. ° 

i ; - : :.. Dry ^steam,!^.the-Scwceit enerey, is the :only{type that is well understood 

jndiijsed^^y^^nt toaay.JIt^occure^when hbt i^ter boils in an underground reservoir and dry 
- stekm (riot ftix'ed withTliquid water) cbmM near thetsurfaB wFe^^^^ it cW bg tapped :t6 run-a'furbme' 

■ and^generate electricity. There "are-pfesehtly three^afi^ steMnigeothenflaL plants. in^operatipn in the.; 
-\ worid-^htfiin'tasderello, Ita^^ flrstcte ?ome/into;service)rQne in and one in Northern 

Califomiat'the largest of these is. the one in CaUfomia, known: as The. Geysers. Here, the is 
' collected - from; a number of wells, filtered; and "passed, through turbines that drive , eleefric ! 
generat6rs..;The total The Geysers is now about 500 megawatts, with a 

^""pr^eBliof'of^adaingftf^^^ 

. ; - to the araourit^bf electricity, now used by the city of San Fraiicisco. Additional large dry stearn 
. - sources are not now known\ jdthoug^ niay; exjst iii.,Yellowstone National Park. ; ; -. : 

V . ' ^1;ha y^^^^ reservoir is the wet steam or hot wafe^ well. Ir^ wet steam 

A . fields, Which are about 20 times more -abundant than dry steam,- water is heated by surroiindnig. 

■ rpck to well above its normal boUingTpoiiit, but instead of turhirig to stearri.it-remains a liquid 
r because of high underground pressure. As it lappro aches the surface, the pressure drops and a. 

.ro'yt"f« nf stp-am and Abater -is prod ue fed. Wet steam fie lds, ar e so nietimes eha raet enzed by gey^^, 
hot springs; and natiirally-oceurringSteam vents calledi-fumaroles. (Technically speakii>g, thert-are 
' no geysere at ThVGeysefs' plant-the energy^^^i^ produced from fumaroles.) Among the most famous' 
examples of wet steam fields are the^hot sprinp and geysere at. Yellowstone National Park. 
Production of electricity from TM|t steam fields is motp complicated than for dfS' steam fields , 
because the steam must be separated from the water before it can drive a turbine. In addition, the 
water is usually a highly corrosive brine (very salty; water) which must be safely discharged or 
reinjected into, the earth. There are only a few fields currefltly producing electricty from wet 
steam,.none in the ynifed States. There are some wells that produce hot water with no steam. Only 
limited use has been made •of these resources. ■ 

i " . . ■ y . ■ . , . ... ■ ■ .... ■ . ' ; . 

' ■ ■ The third, and probably the most abundant,. geothermal resource is hot dry rock that has not 
- come into contact with underground water systems. Energy might be recovered from these areas by 
pumping water into' a drilled shaft connected to the hot- rock and bringing It back to the surface as 
hot water or steam. ;The first water pumped into the shaft .would break up the rock, creating a 
network Of cracks and fissures to act as a reservoir. Extensive research remains befor| energy cm be 
extracted from hot dry rock. 

The final type of geothermal resource, geopressurized zones, is probably the least understood. 
lonSsliaVrbien ToWa"^urin^ 

!^ i.:_ui.. e,„t„\.r,taA with Kieih.fptrihp.ratiire hiBh-oressure brine or hot water. The 



Sucn zones nave oeen louno yunng uii ca^jiuiohuh aiwuB — — — . — ti, " 

contain highly porous sands saturated with High-temperature, high-pressure brine or hot water. Ihe 
energy potential of these areas is not iimited to recovering their heat. The high pressures of these 
waters might make possible the use of hydraulic turbines, and dissolved methane in the water is 
another potential energy source. The size and prbductivity of these reservoirs need to be determined 
Wong with otheFinforrnatiori on their possible use-. " 
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^y-iP'^ Geothermal energy systems, at least as known today, are not without their environmentar ■ 
• , : effects. Such systems are usually located in remote-areas, and their enyironmfntal effects are;nostly " 
_ ^ confined to their immediate locality. Air pollution fi;pm hydrogen sulfidectrid arnrhonia in the hot ^ 
" water, mid noise frdm the steam venting process ate veiV real problems'. In addition, pollution ot. 
\ surface or pound waters cam result from the disposal of water after the heat ha^,been' removed. ' 
, ^ ^Land subsidence isanother problem-the withdrawaL.of la^e quantities of water from beneath th© 
r * earth can cause tli& surface to settle and craters or holes to for^i. More research is needed t^ 
X'^ understand the unpactMlarge^ede^usa of jepthei^ .^ -^ / *\ y - -r ' ^ 

. ; coming fron^ by thalyear 2dpa;,i^thou|^ igtedthlemiy energy appar^ carind^t;i- : 

i^i^^i^sati^i^du^ 

, Possibly along the Gulf;C^ ^ ; i; \„ ; ^ ^^^^^ V 

■ ; p souitie fjf almost Wl energy on eart byfthe 

Oeneia^ fi^Jnd^ &?a^^ 9^ft&t by Sf ^fesHuring b^oughly equiyalenfeto the ambunt ■■ 

' pf jenergy qbntmne of gamine. The idea of harriessing this^ inexhaustible : / 

V cloud coyer, and geographic Idcatioii can afft -y: 
- alsoidif^ ^ 

A TheT? are two basic: ways to utilize ^lar eneipf -^ VBln^^ solar heating md 

cooling, and coiweriing it' ■ - ; /, . . , — 

- w.^ .- , -:^^ 

parts of the countiy , Solar space fieating systems can be classiffed either active or passive. In an 
agtivfr system /solar energy is received by s ; 
facing the sun. The' "flat plate!' solar; collector isthe^ost common. It is a large air4ight box < 
^ covered with one or more layers of glaSs or plastic, ^^^^ergy passes thrdugh these layers ^to^^^ 
absorbed by a metal absorber plate. Heat energy is then transferred from this plate to water (or air) 
being circulated through the collector, Mid is thus carried off for immediate use in the heating 

- ^ system or for storage/Watee can be he^ and 180 degrees Fahrenheit in such a 

system. Several refmements hnprove the efflciency of the collector system. More than one layer of 
glass'^ or plastic over the coUector penhits sunlight to eneter but helps to keep the Keat from 
\. ^^^P^^ The met^ black or specially coated sb /that it absorbs the V 

^ maxirnum energy; A layer oMnsulation between thd absorber and the roof helps prevent heat loss. 

^In a solar Keatingjyrteni^^ heat storage system is necessaiy to provide for n^hts and cloudy J 
days. Water in an. insulated tank Is most often used tor storing the heat, although crushed rocks or ^ 
pebbles are sometimes used. When heat is needed, it is delivered to the house through a. 
conventional hot aLr or hot water circulating system. ^ 



in contrast to these mechanized systems to coUect, store, and release heat, passive solar ^ 
heating systems release heat from matarials that are integral parts of the building Itself. Such passive 
use of the sun's energy Is of course not a new idea. Research has shown that the structure of Indian 
puebloes in the southwestern portions of the United States was carefully designed to juse solar^ ^ 
energy and other climatic elements df^he region. A study of the Ocdma tribe's pueblo located 
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^fitar^lbuquerque. New Mexico ^ sho the construction of building^ was; planned to 

maximize' the entry pf sun-m the winter. and -mioiniiza it in the summer. Furthermore, 4he .thipk 
:^adobe walls^tored heat fbf^rafease on cold nighte., - „-^;^:j„ 



Passive solar design is typified try large areas of south facing glass, massive structural elements ^ 
such as;thick concrete fwalls or' floors; and anerg^^ coilserviiwinsulation t^chjiiques. Passive solar 
^systems%?nd to cost less than actiye. solar, systems for thSame total energy delivered to the " 
building, and^ in some cases, cost -is no more than conventi»al:building^design.-.-T^ is ,alsQ-a / 
mirionum llkalihoqd^Df operational malfunctions, , T v . - 

K use din aisb! bi ;pr^ 
rrtiarketirigistolaii&^ 
iQw-costi natural :gais>^ 

^coUtibWr^ and then ifr^^ l^atmg can be used 

^iwith/a-soiars"^^ . - '^^^^ ■■^■'^■/./■.^ '"^y---^ - 'i'.y >^ " '^^ ■ 

• >i- ^ SblarieMiiy^ c6A;a^ prp^de ddoUng* solar heat is used to evaporate/ a refngerant iii a 
xjlosed chamber, cauiin 
roliiUon whw^^ 

pibks ^p the Aflr^erant; it r^eots h absbrbed md radiated 

-bjutdo^is- cooUfig^^ 

: Fahrinheltv highar tha^ pnDduced by etoerit flat jpl^^^^ 

bf edncentrator is reiqi^ ^ ' / : ■ 

The combination of a heat pump . and a solar systim is also being explored. A heat pump is a 
: device which mov^ another. It is reversible , so it can pump heat Into a 

biiildingrin^he^inter and-oUt 0 

"which can be drawn «ut _ _ ^ _ j ^ _ L.. - : J_ 

M fi^t- glance;, th^ widespread us^ of solar energy for heating and cooling looks extremely 
attractlve-thy **fUal" is freei non-ppUutings and available But of course this rosyMew must be 
tempered with reilism, / ' ; ' • . 

First, of all, the cost of a solar heating and: cooling system is initially much higher than that of 
a conyentional system. This cost differential wiU undoubtedly decrease, as mass productfon , 
techniques ar# already bringing down 4he ^rice of solar components. In most areas of the country, 
sblar coUectors Vcw^^^ iconOmically provide aU the heat required for a building, so a solar 
system must be backed up by a eohventiohd heatirtg iystem, Furthermore, current storage iystems 
cannot store enough heat for more than a day or twdj so a back-Up system must be called upon ifor 
long periods of cloudy days. This causes a serious problem for utilities If this backup heat is electriCj 
M it often ^is. Utilities must provide enou^ generating capacity for everyone at these times of peak 
use, but the expensive generating, equipment would be idle or inefficiently used at other times. 

In addition to its use in heating and cooling, solar energy cm also^ be converted into^ 
|lectricity^here-are4wo-baao-ways in^which this can-b^ 
electricity and by using iolar*-^Us to generate electricity directly from suhlight. 



The process 
Solar heat is used 
electricity. 



for generating electricity from the sun's heat is called solar thermal conversion, 
to make steam or t-o heat air, which is then used to turn a turbine to generate 



62 ' ^ ■ 



One type of solar thermally stem is ^ called/ tHe central redeivar. system* In this system, 
^ sametimes called a 'power Tower, ' afield- of mirrors called h'elibstMpre aimed to reflect the sun's 
- - rays to a receiver mounted on^^op o£,i.JowfeJri;-The solar eriergy is absorbed by water 6r soma other^^-Vl. 
yz/ , fluid in the receiver and generates steam to^tUm a turbine. One sucl^Mpe^rimental plant uyider 
cqnstructiqn will concentrate Jhe sunlight by a field of mori^ than 1500 ^W^stats; These heliostats 
./ win be multi-faceted gla^ min-ors each about 45 stjulre feet in area. Their aogfe wiU be individually 
coniputer controlled to^ continuqudr direct the sign's ^energy onto the central receiver. The receiver 
will be a cylindrical collection of tubes Aipi^nted'on a 283-foot towW, The, plant ^wUlgenerate/lOv^l, 
- , / megawatts of electridty by steam turbines* - ' - ^ _ ^ ' 

LlT- T^® focusing of a whole field of mirrors on orte receiver produces a large concentration of 
'^^"^^^enaia^p^to'^l OOOnfinaTas^great'as'^the^ noiinarsulfffightrTKurtKi^^ 

high, which allows for efficient generation of electricity. * . . ' 

In contrast to the central receiver system is the distributed syste^i of thermal conversion^In- 
tiiis type of system^ the solar energy rfaUing on a field of coUiotors is converted tg heat at the ^ 
coUector. TJie.^heat is then conducted tp a central location where it is; used to provide steam to J 
7^r "r:genarite electricity r Therrtiajof advantagrof therdistributed collectOT system is that it can~produca 
'some energy from indirect light, while the centol receiver works only in ftiU sunlight. But the 
re^ultiiiig temperatures are ^piificanfly lower than with tUej]entral receiver system and are thu^ less . 
eflicient for power production. , - - _ . _ 

f r. jGeirarating electricity directly from the sun depends on thapho to voltaic effect^ which is the ; 
process that occilrs when light hitg certain sensitive materials and creates, a flow of electrons. This 
effect;is used to generate electricity. throu^ the use of solar caUs, Solar cells are clean ^ safa^and 
have no movin g/ parts. i^l that they need to generate electricity is a su pply of sunli^t. 

' ^ Solar photovoltaic cells are soften made from" silicon * Silicon itself is abundant"^ and ^ 

inexpensive^ but its crafting into solar cells is so exacting that it requires much careful handwork by 
highly skilled teghnicians^ making solar cells expensive. The^ manufacturing of solar cells also uses 
large amounts of energy. > , 

A typical solar call is 2 centimeter by 2 centimetere in area, Its power output Is v^ry small ^ 
so that many^ calls must be connected alectrically to get a significant amount of electricity. For 
■ es^mple, 40^caUs-prpvlde^^ rtectricity to charge a 1 2^olt autprtiobile battery. Many ^zes and 

shapes of solar cell modules are available from over a dozen different compariles npw manufacturing 
^ solar. electric products* They are finding a wide variety of appllcatiofls.w 
.. are reasonably MalfivJPor exa^^ Guard buoys in; Long Island 

backpack-mounted two-way radios usad by the Fortst Service. Solar calli are the major source of 
, power in space vehicles. ' \ 

In the future, solar calls may generate elactricity in central power plants or for individual 
buildings. They may^ also be used In conjunction with solar heating and cooling systems^ 

Power Station; ^ satallite would be built with two wingjike panelp of solar cells, each about 3 miles 
^ort a side* The satellite would be in a iynchronous orbit-that4r^ it would be fixed above the same . 
spot on the earth, dbout 22,000 miles above the surface. Since it would always bein the sunlight, it 
would fecaiva much more solar enargy than any earth based panels. The electricity produced by 
: the Sblar cellsrWould be converlad to micrpwava radjaflbn and beamed to earth whara it wbuld be ; ' 



Midollected by a 36:$quare mile antenna and -riconveffed t^ 

pbviously far in the future, - ^ \ / - * . - v 

- Economic factors remain a serious bamer torthe widespread |ise of solar cells. Elect^^'; 
^frbm solabcells cost 15 to 20iunes a'^ triiich as tWat produced from nuqremr or fossil.generatiQiir 

shoped that mass production teoimifituas and improved technology will reduce this cost. ^ ' 

_^ ' * / • ^ ' * \ 'h ' \ . . 

There are several probl^s common to both^ types of solarj electncal' systems. One is the 
^iversal bane of solar anergy-the sun does not always diine, and gob'H /economical long-term 
.energy storage systems are not currently available'/ Another factor to be cons]d«red is that not all 
^ffc^r ey ofjthe count ly^Igggfep^^he s^e/^^ iation^^g soutl^.estem portjonSiO 

VUJ. racaive the most; iiv tip Midwest and Southeast, the direc solar radiatiqn repeived is about one 
half the vdues of the Southwest, while in the Northeast and^^N^ it is abdut one-third. Thus 

■ solar electric plants, and particularly thermrf conversion plants which depend on direct sunlight, can 
' most §ponomically be used in the Southwest. But a concentration. of sueh^plahtsdn the Southwest, 
' with transmission of electricity ito other areas, would pdie two major moblems: there W an 
inadequat e am ount of cooling w ater av ailable there for su^h plant^,^andjsy^ a^^concentmd 
plants in one ^ea would make for an unreliable power supply. 
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^ amount of land area would be required for ^ widespread splar ^fectric 

generation. It is estimated that a 1000 megawatt , solar electric .plant. operating in the -Southwest 
would require an area Q^O to 20 square miles. - ^ 

^ The energy costs in building and operating solar, plants must be consid^ed/ The energy 
. requirements for solar thermal power plants are primarily for the heliostats, which are^ade from 
^steel, aluminum, .copper, andiplastics^ Studies^have shown-that-iuch^a pIant-^ 
. will "pay back'* its energy requirement in less than 5 yea^ of operation^that is it vJjill^ake 5 years 
.to generate as much energy as was requfred to buUd the plant. (Similar studies for fo^il and nuclear 
power plants showed energy paybacks of 2 to 3 years.) Five years appears to be an acqeptable* 
payback period, but if the same plant were built in another area of the country, Jhe payback period 
might be exQfSsively long. ^ . ^ , " 

. \ ^Very large amounts of energy are required^ td process the silicon ctyitals fbf use in 
photovoltaic cells. Thus the p|y back period for such a system^oUld also be long, \ . 

^ ' , ^ ^ ^ ^ ^ ^ ^ \ ' ' ■ ' ^y- ' 

Solar energy needs to be looked at as a total system, from mining of materials to^ final ipnfergy 
production, in order to ^e wisely evaluated. • \'\ 

:^ Just how much of the nation's energy requirements will be met by lolar energy, and howisoon 
this will happen, is open to different opinions. Many experts believe that a 10 to 20 pertfS^nt 
'contribution to total energy needs by the year 2000 "would be a trerhendous accomplishmenjE." 

WINDPpWER * 



The windmill is one^of the earliest macj^ines,. with its origins thought to .be in Persia diognd 
the 7th century. Windmills were rti^t used to pump water for irrigation. - I . 



In the United States, wind power was a major source of electricity, particularly in rural areas, 
until 1930, whefrS^^^Ryral Electrical Administration began to make centrally-generated e^ctrical , 
powar available to farrnsn^i§ by 1950, smalNcale windmill^were rare. * ' ^ 



Wind power is really a form of solar power, since wind is caused by alternate heating and 
cooling as solar radiation reaches the earth. 



A windmill is basically a shaft containing a number of blades designed to turn in the wind. 
This provides energy which can be used to turn a mill, pump water,\r turn a generator to produce 
electricity. The power output of a wind machine depends on wind spe^d and on the length of the 
machine blades. Thus a wind machine needs to have blades that are as long as practical, and also 
needs to be as tall as practical since wind speed and constancy generally increase with heiglit. 

Near Sandusky, Ohio, NASA itas bedn experiiucntiug wiih a wind gcnciiitur ihai ^.au produgc 
up tu 100 kilowatts with an 18-niph wind It has twu 62 5 tuui lung blades, tui a dimacUr of 1 25 
feet, and it is on a 125 tout tuwer 

The major disadvantage uf wind puwci n, li.w wi ^uUdbiw ^..^i^; ^.i^^.u^^. .tgui. 

the Variable nature of the "fuel suurce" When wiiid bpced falls Lclow 6 ni,)h. eftl lent geiieiation is 
impossible Also, winds that art tOu stiong cau Uani^gc the appaiatii^ paj ti^ulaiiy llw blades fhia 
has been p ^>roblem with some ot the recent exp^^rinientai wind gcjieralors 

w i...i..lills (aUuul one tvciy squ.iic nUh.) iht in al PlaiiL { > gcn^iai i Ut)^ * i|i£it^a wd , U uf 

clcttii^^ity large 'wind fauna'' *.i,vgied With a ^il.l uf hl^nlKa, wind geii,;i jiln^ uini^ euuld tlieu 
be built with niure ccononiical mass pri duv tluii tes hnuiuca I'Kij laig*; aicaa of laiid lequlied lui 
SUuh a notWuiK shu.dd still be ujable fui fi^iming .>i giaziiig ii ihe wind ^^cj jiei .de.l cl^t liieity (M-nld 
be twd tiilo a hiige' lUtilti iv^^lonaj ele^Lil^dJ ^y^Um the VdiiiiUon. ^au^^^d by vhaages In tilt wind 
could be sonicwhat evened out^ and existing steani gtinwiatljig plaiita i.ould jIsv) heij. handle the 
electrical deinaud 

u n^.it wmd^ btitii .3 aU;!, s li t. . . in 1 lit 1 , \ .- i , ,ii i.lun iln iit, . 1 1 b , 1 . ^ t -/ ■ .dl*. na 

wi* e^ltu. ilt. ,ind^ lU.weviii il^ni. lit ay \ iiw v ulA -l uii l< 3v.% il i.ii i,| t i^. (U.iliib l^^l Uy 
the many laigc towei that wu\ Id t>e ia^.u. ) 
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suitabie sites and the large investments required to buil4 the plants^ it does not appear that tidal 
power will make a significant contributia^ to the total energy supply, 



Ip Gfeat Britain* studies are being done on extracting energy from ocean waves. This would 
be done by using strings of specially^haped vanes which would be turned by the waves to generate 
electricity. It is not yet known whether the project wUl be successful, 

The third method for getting energy from the ugean is called ocean thcnnal energy 
conversion (OTEC). Enormous quantities of solar energy are collected and stored in the oceans. An 
OTEC power plant would utilize the energy that can be made to flow between the sun-wanned 
surface of tropical and subtropical oceans and the colder deep water. A fluid such as anmiunia or 
prppanc that vaporizes at relatively low temperatufe can be vaporized by the wann surface water 
The pressurized vapor woul^ Jhen turn a turbine, and the cycle would be conipleted by usmg the 
cuuler deep water to condense the gas b^ck to a liquid. 

" 

3inali-SwalM U 1 he pUjits iiavc b%^\^ik buUl in Cubtt as.tl .al tJii. Ivw.^ 4 wu^si i.ui iht.^ L.^^U 
i.K>vvi, because ut danidgc by Wdvcs 4iid cuii^nt 

^^ill%.i^lv^ll<^^^ i/i sea sA -i^t w It ^fi^n t . w 1.. J . ... i. 4 .> .1 . . i i 1 - , ^ ..^ n lit { ^ • i . . . i . . . i. « ^ ^ * t- 
i..i,u..g ihw system nuist be 4jon^der^.J ihc pi ,iit5 rtiujt ^Is . 6^ muL sirongly e.^ou^ih to \v,ihstaiUi 
slunns 

^ne\%/ stored ii. the watei ij alwayi availit)le, v^heth^.r or ihit \ht stn u jlLAi.ig c r iiu wir.i is 

bluv^iu^ Bill one Ji^udvaiiLagc Ls l\ic fhi^i thai Lhc by^i ^Uw^ lui (/IE{' plaiil^ Liv^plwal ^iiU 

3ubtiup|ydl ta£ tioni llic ai.a^. whai^ Ui^ ai, t^^ti i,..-Uy utuit needed fhii^ Lhc ^ 1C4^4 1 it^ity Wwuld 

tiavc to be u^n^/UltCed ihiough uiLlci^ca .ulii^is u^^ai iXi ihc jiie iu ^ .^alc^ pi\iJu\ tliat ,,^11 be 
ti aii^pu 1 ted by $hip v^i t aig^ 

^1..,^ .... . I . i , 1 . . , , , , , , , , , » 

cc^niiikfed Also iajnipi/kg lurg. q^iantiius ot cold v a^er to the yuru(\. wo, .Id .^hin^" 11, e l.^oIoji ml 

biiiaiu i iJidligu nii^lit iji^ (jk ^tetlv^idi it It uilwvvij 1 ihw . slAfiUiuiii. n L .t tishciiCb aiu in^J pLiiit 
iii i *| .,4 . , . 




til 1 j li ^ , 



1 li., li 



> il, I I! J i; 
u 1 1 .ii 1 V / n m 



u..i it tkiiM and n<i icy I'l.nU u.i*:* i ^uu}' h.;.jil ^Ui,£i.i ^ 



60 



sunflowers, water hyacinths, and giant sea kelp. Sucli fuels would either be burned directly or 
converted to liquid or.gaseous fuels. 
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:.nergy farms would have to compete with agriculture for land area and water resources. As 
the world's need for food increases, this could be a serious consideration. 

Another biomass possibility is recovering energy from furestry, agricultural, and aninial 
residues. For exaniple, the residue from the sugargaiic industry the plant material rcJuauiiiig after 
the sugar has been ext_racted=is often burned to provide energy for the sugar mill. Simikrly. the 
forest products industry often uses theii residue to fuel lumber plants. 

AiiUnal wdslt.^ ^.aii t,^ .uiivwiUJ »uwU.aii._- A luj^llHy is being l ^. ill ^1 .,,,1 i 

recdlijt in Colorado U, prL.^/id^ methane, iUiu as a bypiv^d^ct, a idgh protein feid supplern jnl fur the 
aniniais. 

vAli^i*. Ihcy arc leui^lblc a^ in i\u ^ugai ^anc an 1 turc&.iy in lu. Inc., \ ,nuu\ le tutia v\ in luv^J iui 
uiher it^cd 

i K.. 1 1^ 1 4 . « .i^ , i J. nij ^ .1 .1 . I.. . , .i t . . I 1, , , 

plar. to produ, e nlwctiicity as an attraciive altarhauvj to olli. r disp .lai mtth )ns 
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Mctai . tjU^sa ai iOv ^ vci U mi t: gui au J ; ihJ fu 1 i w * ^.UiiM liCie lullhv vj.lcl diliin 

Aiid ill ti bx.iiied 
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.1, li^i lli«^ i^i ,i^t. i.uijn t d . Lyil:rL i ,iiid Jla^ k M -i ^n u yvv.i, t 1 1 . ^ , , ,.J l^Jiii^ab ihi; 
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Fuel cells were used for spacecraft power on the Apollo sgace flights and in the early 1970's 
provided electric power to a number of buildings on an experimental basis. A demonstration unit is 
expected to begin operation in New York City in 1979 in order to determine the effectiveness 
and the environmental and social acceptability of a power plant in a densely populated area. 

The widespread use of fuel cells is dependent on a number of developments to icdugc gust ot 
the equipment and to allow the use of a wider variety of fuels, Fuel cells now in use depend on 
naphtha or natural gas, so their use is liniited from a fuel supply standpuiiit. The wuneutiy available 
fuel cells also require an expensive catalyst, such as plalinuin, for their upcralion Ihus eieutricity 
generated from fuel cells is currently luo expensive fur general use 

K mil 
than current fuel cells Because of ihc higher upeiating temperature ^ nu expensiv j 'caldlyst is 
required This newer fuel cell shuuld also prove adaplable tu other fuels paiticularly iif luw Bl V 
fuel ga^ made troiu t.ual 

. lit. !. nt Units llitsl 5la4..Kcd tugttlu-i i\t tkt^.n AiiLiL. i/yi ,>i^c in-sLaU^ili^ li li> ioA 

UniiKv i...^ A.yiAis^n 1*1, ...I. . II. ,,,...4M gqUaU, .lii i i.il^ ,» , . 

li . abu fc-iturc ju> lengthy vann u,) iJ^.iud g^uciitiiig cbji/iLiiy hun hic n ..^ ini ii. 
L\il Ui. i oil 
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v-cils, out U ia cMpCi^lcd lhal i hey ^an t;c j1i led ith tails elUi n ua U die t.-i tll>. Ur^c 
NluaiilUlca ul \* dtci i^qi ued iK>i y. /ulli.j^ t. mi^ tinlKMU,! plaiits t ticl k M opt.atL ii 1? jSo I Su 

uvcl^ll th^ y dj>pedi it\ li kMiiiK li tall) dcdU<.bl«J 

^li^ ...1.1 . ».i ...1, I, , , 11. ,11 1 . . . . 

t.afJii.ity iii^ke ilu;in c&j- ^v.ujl iUliabK, Ihcy .uulu dUu su^; ^>1 tfUtl icit> f i aiiiaih . i aiuiiilc^, or 
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Since the plasnia consists of particlei with electrical chaiies, it can be contained within a 
magnetic field. In 1967 the Russians announced the development of the tokamak, a donut=shaped 
machine in which the plasma was heated by running an electric current through it, and was 
contained in a magnetic field. But hijh enbugh temperatures could not be achieved. In 1978 
Princeton University and the Department of Energy announced that the New Jersey Idbuiatory had 
. achieved a record 60 million degree centigrade plasma temperature, well above the temperature 
estimated to be needed. However, many compligated problems remain to be solved. 

in inertid contineinent, suiuctinies cdlled Usei ruaion, a.^lia yUi head ^u^sl i^cllel oi 
deutciiuui and tiitiuni would be heated very rapidly &u thai hmon w.add uk.lui in ki^ thau a 
iniJIiunth of d second, bcfurc the pellet had a chaut.^ to cAj^aiid and thua lu&c li. duu^liy Ihi^ 
heating would probably be duiie with a tyowtfhii lasci ucc^iii or ion bcauis l his lona ut tu^ujii is 
less advanced than magnetic confineineni 

^OniKi iadU/at.tlvay Will ^ii^.A^.^d In l,,^lw,, , . i i i . liu i i - , 

..,.4. will b. produced (overall ti»efc seem lo ue no LASOl^atL cisv.. unhi. aUil ui /cl pu^bkuiJ 
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the newer cars are more efficient. Savinp of oil as well as several thousand fewer auto deaths each 
year have resulted from the 55 miles per hour speed limit. The use of mass transit systems has been 
powing padually in recent yeai^. Gasoline shortages and high gasoline prices will undoubtedly help 
continue this trend. 

The industrial sector is actually using less energy now than it was in l97i This reductiun has 
come about primarily through Improved efficiency. Lower output during part of the period and a 
shift^^away from some energy-intensive products also played a part, but energy savings have been 
realized by more careful energy management and by improving industrial processes 

One melhud ul liidustiUl t.oiis4;i valluu has bc.^u ..w^cii4.iaLlM4» wlUvli ia lliw ua^ ot ^m^i^^ 

(usually steam) from a single fawiiity tur twu ur iiiore i^rucc^ses. Plants yan Uc .;iJiutruv.tcU which 
will produce steani for electricity and make the spent steam available for nianuiacturing processes 
Increased fuel costs have and will continue to maKe this practice more attractive to industiy, since it 
increases efficiancy and thus lowers costs, rugcncidliun may reduce uperaling ^usu uf the facilities 
involved from 22 to 31 perc^^nt conipared to the cost of fuei which would be requiied foi separate 
operation 

and tht; of Hugenc .iicyo/i b .nlc 5 piuduwC i^lt^ii .iicl U 4ud ^ aciatc 

cl£iCtrit.it^ fu( 4nc <.,ty a .J the spent „ team is .,ej in Ii.mbci pu,.;ci3in|, jperaliOiia 
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dffuid to ,.se It 15 U a w.;ic lnalUc36 l lns ''jOnsc. vaitoi ^Ifih ' Is MMuctlimg ea. ii \ i.tiuai needs 
to deVwIUj' 



HOME ENERGY AUDIT 



This home energy audit will enable you to make a survey of your home and identify those 
conditions which are wasteful of energy, and thus wasteful of money. After identifying these 
energy-wasting conditions, you will be able to degide whigh unes yuu may wisli to correct nrst 
which ones have a lower priority, and which ones you can practically do nothing about 

iu urn the audit, answer cauh applicable qutf^tiun Ihcn .un^uU th^ laiiu^ .heet thai lolluw. 
lu a^lgn a cunservation value of 5 to ^ 5 to each item Yuu will then able iu make d^cisiun^ 
ayv^ording tu the following seale 

3 ty 2. lli^h eiieigy wasling ^..^Jiu^.o ^ . . . . 4 i,.^, .^.J, . .i.c 
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B. Inside your Home * 

6. What daytime temperature do you maintain in your home durirtg the winter? 



a. 
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1 1. How many of your windows have storm windows or more than one layer of glass 
(e,g. ■Thermopane")? 

a. None 

b. Less than half 

c. Half 

d More than halt 
c All 

12 Huw inany uf yuui lerior duoi^ ait ^qiiii^pwU wiih ^luiin Uo^to/ 
4 Nunc 

c Half 

d More Lhm* iiaii 
c All 

i 5 Ht,^^ .udJiy ; .Mii ^ .,i4d 1, . , ij , 4 ..1 , ' . I 

to pK. vent atT Ivi^agw? 

a Ntjnc 
b 1 lit 1.1 h.tU 

Halt 

c All 

H lan^ ,1 ^ , . . . , 
Nun 

b I tti4./i htu 1 
Httif 

d Mor% iiidi. t..,i, 
^ All 



L 




a 




b 






Never 


ti 






A Mill t lit 






I 






Hdt 


.) 






All 


V 








b 


1 i It 




tliJf 




M.>.- 1, 




Ail 


i 


4i li . 






b 




1 








b 





ERIC 




20. Is your attic equipped with windows or vents that provide air circulation? 

a. Yes 

b. No 

21. h your attic equipped with an exhaust fan? 

a. Yes 

b. No 

How mugh insulatlQU is in the tlooi of youi ^Uik.) 

d. None 
b 1^2 inwhcs 
c 3-4 ingheji 
d 5 0 inches 

e. 7=8 inches 

f. 9 10 inches 
g 1112 inchca 
h Ovci I 2 iiigh^a 

What dues ific auitaci' wi u»- i^.- . » i lii 

c I oosc panuJes 
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Rating Sheet: Home Eneigy Audit 



1. N for all responses. 10. a, -5 

b. -3 
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^ Explanation of the Audit Quwtions 

Exterior Construction 

This i§ an example of a difference which will affect your total energy use. but about which 
you can eeonomically do little or nothing in an existing home. Stone, cinder block; and brick, 
contrary to common belief, are not good insulators. The usefulness of any material as an 
insulator is described by its R-value. which is a nunicrical Index of its resistance to heat 
passing through it The greater the R value uf a material, the greatei its thennal insulating 
capability. The R-value,uf some common buUdiiig materials are = 



4-in*.h stunc, U bU| 

8 inch concieu biuck. ^f^/U 
4 inch brick: 80 
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same insulating capacity as \i inches of stone i/rbu. K 

l lxo^^ tacts sliuulj ktpt ill iiUiui duiliiM h.^mt. 




8. Heating Systeni Maintenance , 

Heating systems should be cleaned and serviced annually lo avuld costly bicakduwns and 
raaintain efficiency. 

9. & 10 inside Tcinpcrdtuic in iuiiiniti 

tLAcessivcly tMt>l 5uiuinQi t^iii|/w4aiurc3 ait wLvtww^i^ iboih iii ^n^t^^ ^ii^i mwi..^ > u, 
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I I Storm Wuui./w^ 
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17, Shade . /t' 

Shading, obviously, will keep your hoiUc uuulci ui the auaunei liees will also aeii^e as vvlnd 
breaks in winter. ^ f 

18 Attiu or Crawl Space ^ 

I 

Aji uahe^tcd swl^ kii^uldiitiM ^i>u^ ^ l.^i.v^^ii > o.ii . viliit^ .til l lllc^'d 

ahuuid be at i^A^i t inches ..t in^ubtlun di.uv^ y weiliiy 

li* P^nndnent Attic FKjuiiii^ 

determine if iiisulai joii exi.tj under ihc tloor In Stieh a ^ .hiU tiLLii. ^eiliiik ii.^ be 
in^uldted h.^t^ad 

aLth. the bwUvi In (h^M i i 
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f28i^v Grawl Spaca Vtn^^^ 



■ \ 



fGrwl , spaces should be adequately ventilated/ allowingr the free passage of outside air. This^ 
wijl afso help to remove moisture. , • . " • 



29 30, Fireplaces 



:TTit modern home fireplace in operation may produce an overall heat loss to the hdme* 
^ Heated room air may escape up the chimney at m faster rate than the he^ from the fireplace" 
enters the room. Several heat pipe devices are available to increase firephK efficiency. In any, 
case, g!a^ fireplace doors and a closable flue will ^elp eliminatB excessive heat loss. - t ^ 
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WHERE^b'i^UTEi?OR MORE INFORMATION 



>In Peansylvania: ^ 

Cirriegie Wllon Institute 
4400 Fobres Av§nue 
Pittsburgh, PA,1521 J 



J 



J 



'Cod Mining Institute of Am 
416 Ash Street 
California, PA 15419 



• Energy. Conservation Research : 

9 Birch Rpad. ^ ■ 
' Malvern. PA 19335 

The Franklin Institute 

20th Street and Benjamin Franklin Parkway 

PhUadelphia, PA ,19103 

The Governor's /Energy CouneU / 
j_-_Stit_e_Street_BuM^^ _ „_t_^..^^„.___.^-_ 
^ 6th Floor ■ * ^ ^ - , 

Haitisburgj^PA 17120 

Gulf Oil Corporation 
Gulf Building 
Pittsburg, PA 15730 

Keystone Bituminous Coal Association' 

—660 Bols Street— ^ v- _ 

^ . Harr|sburg, PA^17101 V 

* . Pennsylvania Department of Comm^rge 
Fourth Floor - South Office Building 
Hanisbiirg, PA 17120 

Pennsylvania Department oS . 

Enmonmental kasourcei 
Evangelical Priss Building 
^ ^fd and Relly:Streets ^ ' 
HarrisbUrg, FA 17105 

Pennsylvania Electric Association ' n 
JOO North Third Street 
Harrisburg, PA 17101 ' . 

Philadelphia Electric Company 

^301^arice1^^ _ 1 ^ 

Philadelphip,PA I^IOS 



Pennsylvania Environnfiantal Council 
225' South 15th Street 
Philadelphia, Pa 19102 „ 

Penniylvania Gas Association 
State Street Building 
HarrisburgjPA 17101 " 

Pennsylvania Power and Light Company 
Infomiation Center -r^^ 
Two North Ninth Street ' ^ _ 
AUtotown,JA^1810L 

Philadelphia Gas Works 
1518 Walnut Street J/ ^ 
Philadelphia, PA 19102 

„Solanco ,,__J. . ^. , '• ■' , J_ 
Box 64 

Quarryville, PA 17566 ' 

U.S. E^^^^o^me^tal Protection 

Agency, Region III 
Curtif Building - 
6th ana'Walnut Streets 
Philddelphia, PA 19106 



Elsewhere in the U. S, 

■ ■' 

American Ent^riie Institute 
Natidnal Enery Project 
M SO 7tH Street, N.W. 
Washington, D.C." 20036 

American Gas Association 
1 5 1 5 Wilson , Boulevard 
Arlington, VA 22209 

American Nuclear-Society , 
244 East OgdenC4venue 
HlnsdIae,IL 60521 

ericatn Petroleum Institute 

1 8orKrStye«rN:Wr™"™ 

Washington, D.C. '20006 
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f;Ji;iAtomic Industrial Forum, Inc. 



Itei' - 475 Park Avenue South ' 
p- . New York, NY 10016 

; .:; . Center for Energy Information 
. ' 340-East Sist Striet 
• ' ■ : : New Ybrk, NY 10022 

Canter fbr Environmantal Education 
. V 1 62 1 Connecticut Avenue", N.W. 
Washington, D.C. 20009 

; Conservation Foundations; 
1250 Connecticut Avenue^ N.W. 
. -^^1: jyashiiigtQn,:D-C,^20036.:^ 



Environmental Defense Fund 
1*525 im Street, N,W, : 
» Washington, D.C. 20036 V 

EnykonmantalPolioy Center ' 
; ' 31 7 Pennsylvania Avenue, S.E. 

/ . Washington, B.C. 20003 ^ 

; Environmental Protection Agency 
- 401 M Street, S.W. ; 
Washington; D.C. 204150 

Exxon, Coloration 
■ ■ 1251 Avenue of the Americas 
- New York, NY 10020 



Cohsumer Action Now , 
317 Pennsylvania Avenue, S.Ev 
^ Washington, D,C, 20036 

^i:.. jConsumer^Eederation ofiA^ 
Energy Policy Task Force 

> 1012 14th Street, N.W. ' 
. Suite 901 ?^ . 
Washington, D.C, 20005 

" Council on Ki virohm en tal Quality 
. 721 Jackson Place, N.W. 
s!" Washington^ D.C. 20006 



Federal Energy Administratiori -i 
1 2th and Pennsylvania Avenue, N.W. 
Washington, D.C. 2046 1 . 

Federal Power Commission 
825 North Capitol Street / 
-Wadiington, D.C. ; 20426--^- - — ~- 

Ford Foundation 
Energy Policy Project _ 
Box 23212 

WashingSn, D.C. 20024 

Friends of the Earth ' ^ 

^20 C Street, S.C. 
Waihington, D.C. 20003 . 



' 't^icaljMass Energy Project _ 
: bIx 1538 ' 
^^^shington, D.C. 20013 

Edison Elective Institute 

j 140 Connectiisut Avenue, N,W. 

W^shington^ D.C. 20036 

Energy 80 ^ 
Enterprise for Education 
10960 Wilshire Boulevard 
" Suite 2134 " 
^ Loi Angelet, CA 900^ 



.Envl^nmerital Action Foundation, Inc. 
DtsPpnt Circle BuUding 
Roorrt 720 



^^^^aahingtpn, P,C.^.2003 6^ 



International Solar Energy Society 
1 2441 ParkUn Drive - 
Rockville, MD 20S52 ' 

League of Women Voters of the U.S. 
1730 M Street, RW;.;. 
WashingtbnwD^: 20036 ^ 

Mobil Oil Company 

150 East 42nd Street . . 

New York, NY 10017 ^ ^ 

National Acadeiny of Sqience 
2101 Constitution Avenue, MW. 
Washington, DC; 20418^™ 

National Association of Electric Gompanies 
imo Connecticut Avenue, N.W* " ^ 

Wa^irigton, D.C. 20036/ * 

National Audubon Society 
^95Q^hird Avenue^ 



N|w York, NY 10022 
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^National Coal Association 

11130 17th Street, N.W. _ ^ . 

Wa^ngton, D.C. 20036 

Nationsl Petroleum Council 
1625 R Street, N.W. 
f- Washington, D.C. 20006 

National Science Foundation 
1800 G Street, N.W. 
Washington, D.C. 20550 

IjJatural Resources Defense Council 
917 15th Street, N.W. 
/Washington, D.C. 20005 ^ 



•Resources fo r the Eutuie 
ryJS JiSacfiuSK^^enue^TC 
Washington,- D.cr20036 . 




Senate Committee on Energy 

and Natural Resources 
3106 Dirksen Senate Office Building 
JWashington,-D.C.-26510 ^ 



SierwClub . 
^la50^Mills Tower 
220 Buch Street 
San Francisob, CA 94 1 04 . 

Solar Action 

1028 Connecticut Avenue 
Suite 1100 
— Washington7D,e^0036— 



Solar Energyilnstitute 

1001 Connecticut Avenue, N,W. 

Suite 632 

Washington, D.C 20036- 

U. Si Department of Commerce 
Washington, D.C/ 20230 • 

U; S. Department of Energy 
Washington, D.C. 20434, 

U.^S. Department df thelnterior"* 
18th and€ Streets, N.W.. 
Washington, D.C, 20240^ 

U. S. Department of the Interior 
Bureau of Mines 
-^Waihington, D.C,^2024 U ^^^ a ^ j ^ 

U. S. apartment of Transportation 
200 7fliStl^et,S-W. 
Wadiington, D.C. 20590 

U. S^House of Replesentatives 
Xommittee qn Science and Teghnqlogyj; 
232 1 Raybum House Office Building 
Washington, D.C. 20515 . 

U. S. Nucleir Regulatory.Gommission 
Washington, D.C 20555 



FOJR FURTHER STUDY 



Alternative Sources of Energy, The Sedbury Press, 8 1 5 Second Ave., New York, NY 1 001 7. 4.-^ ' . 

. C^fter the Process of Living, W, H, Eddy, Jr. et. al., Conservafion Foundation, 1717 
•Massachusetts Ave., NW, Washington, DC 20036, , _ ^ ^ . 

Critical Mass: Altefiiatiya to Energy Famina, Jacque-Srouji, Aurora Publishers, Jnc*, 1 18 
Seventeenth Ava; South, Nash\ille, TN 37203. 

Direct Us^ of the Sun's Energy, F.Daniels, Ballantine Books, 201 East 50th St., New York, NY 
10022. "t^ ' . , . , ^ 

Economics of Enarjy^ L. E. Grayson j Darwi Box 2202, Pringetoni NJ 08540. 

Energy^ Ecology^ Beohomy /Gerald Garvey ; W. W, Norton & Co.p^nc, 500 Fifth A^e., New Vorki ' 

1^,10036. :■ ; - V; - /. ".v/^ ■■ \ - v ' ' " ^y- ^ 

Enaigy for Survival : The i Alterhativa to Extinction^ W; Ciaric, Anchor Prassi 245 Park Ave. ; New ^ 
. ■•York,NY 1 00.17.: . .: - .- ' " - :V/ 

L^Eriaif y^f^ Tatra Tech^;^ Inc- Suparinte^dentiof Pocumants, U.S. Gov ernmen t Printing / 

Office; WasWngtpnV^ 2d402r ; ; ; . ^ V/;— ^ > 

Eneigy from Sdurca to Use, Edited by Howard S/ S^^ Scott, Foresniari & Co., 11310 Gamini 
Una, Dallas,-TX- "75229^ ■^r::.;----- y-. - ^ .. 

The Enaigy-Saving Guidebook, Gaoige S. Springer, Technomio Publishing Go^ Inc„ 265 Post Road 
; Wast. Westpo^^ . „ _ ^ . ■ V , 

EnaigyrUsa, Consanration, and Supply, AAAS Publication SaleSj Depl, Q, 1515 Massachusetts 
./ AveJ, NW,Washiiigton,pC 20005. - \ 

Hiddan Waste: Pptantids for Energy Cpnsaft^ajHon/ D. B. Laii^^ „ 
Massachusatts Ave*,^NW, Washington, DC 2003 . — 

The National Energy Act, Department of Energy, Office of Public Affairs, Washington, DC 2^585. 

The ^fati6n^ Energy Plan, U.S. Department tof Energy, Technical Infomiation Center, P.O. Box 62, 
Oak Ridge, TN 37830. . ^ , ' l _ 

, Nuclear Power:. The Unv^la Option, John Berger,lRa^ CA 94303. 

Oil from Froipect to PipeUnai Robert R. Wheeler and Maurine .Whitedj Gtilf Publishing Co., 3301 
tAllenjParkway,Houston;TX 77001. ' 



FREE 16mm FILMS 



General Energy Topics 

Challahgehfthejjifure ^ _ ; • ^ 

Department ofEnergy Film Library, Technical Infomiatioji Center, P. O. Box 62, Oak Ridge, TN 
.37830 * , . ai_. 



We are entering a new age when energy will be more expensive and less abundant. This film's 
purpose is to look at the problem and detail the options that Jace the nation. 

. Energy ^ ^ ^ _ . 

>ynenera Gas Association, 1515 Wiison Blvd., ^lington, VA 22209 - 

This >film traces energy sources from the first primitive fires throu^ the fossil fuel era to atomic 
energy, outlines problems, and propose s pogible solutions. For gnidronmen tal us es, it is a good 

"^hrought^provoker:"^'^'^'"'"'''^^^'^^^ ^^^.^ 

Energy: The American Experience - * 

Department of Energy Film Library , Technical Infomiatlon Canter, P. O. Box 62, Oak Ridge /TN 
37830 : - 

This film s purpose is to show the development of different fomis of energy under the unique 
conditlbns- of the -American - experience.. We lee the sixty-year changing^eycles-of energy :sources~~^ 
from wood to coal to oil and gas. ^ 

Electricity ' . . / 

World Behind your Light Switch 

U.5r Department of Energy, Bonneville Power Administration,rB. O. Box 3621, Portland OR 
97208 \ . ' 

.This^filn^- tells Jn^a general^way- the sto^—of^ 

distributed. . - ■ * 



Ecology ^ ^ . , 

No Turning Back ^ . , 

Dapartrnent of Energy Film Library, Technical Information Cantar, P. O. Box 62wpak Ridge. TN 
' 37830 % \^ ' 

This film visits some of the technicians involved In govemmaiit stud^^ at labdratoiias and sites 
across the country ^ such as arid land ecolo©^, a trbplcal forest study, river ecosystems, industrial 
impact on natural watenvays, and polluti * , 



Ecpnomics " ' " 

Don't qut Us Off , . ^ 

Department of Energy Film Library, Technic^ infomation Center, P. O. Box 62, Oak Ridga TN 
'37830: / ' " \ . ^ . ^ ^ ^ ^ 

This film documehts the actlvitiej gf^faur communities to solve a common national problem^the ' 
High'Msf of In^gy Wif Wflec^^ - - ... .^^ 
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Energy^ Economics, Environment 
Modem Talking Picture Service, Inc., 2323 5jew Hyde Park Road, New Hyde Park^ NY 1 1040' 

This film shows the interrelationship among energy^ economics, and the environment. The problems 
are shared and solutions must come from mutual endeavors. , . . . - \ 

Coal . ' \ • 

-Coal Connection'. ^ ' . , ^-.v 

Utah Power and Light Co., 1407'West North Temple St., Salt Lake City, UT 841 10^ - . „ ' ' 

This film documents electriQal generatipn methpds. with emphasis on coal as a primal^ fuSntshov?^! 
hgw generated heat' is used to, produ^ steam to spin turbinesr^, . * 

Coal^theVth^r Bnergy ^ . - , / 

Dfpartmeiit^of3nargy_Eilm^LibraiyJjlTechiiicalJ^ 
/37830 • ^ . , , 

This film reviews the technQlogias now available to pamiit coal to be burned more cleanly and 
efficiently \vith concern for the environment where it is mined and ^ '1 

Energy vs.- Ecology ^ - ^ . 

Modem Talking Pictura Sei^jE5> Jnc^ 23 23 New Hyde Park Rd New Hyde Pprjc, NX ■ X104p 

Goal is the most abundant source of energy in this country: This film indicates how wa can utiliza 
this valuable source without disrupting our anvironmant. , 

Oil, Gis,'and Hydroelactricity ^ 

Focus on Energy ' , . - 

Amarican Gas Assodation^ J 51 5 Wilson Blvd. J.Arlington, VA 222 ^ . 



This film /raviaws our dapendence on enargy with an ampharis' on natural gasnit 

solutions to the current, supply problem. __J c i _ ^ . i _ :^ _ ^ _ 



Offshore: The Search for Oit and Gas - . 

Modem Talking PJcture Servicai Inc., 2323 New Hyda Park Rd., Naw Hyde Park ,^ NY 11040 

Before the and of this century, more than half of the world's petroleum supply wiU hve to coma 
from the oceans. This film talis of the intensive search and the painstaking effort to preserve the 
ocean environment, ' ' ^ ^ 

Reserved for Tomorrow^ * 
Department of Enargy .Film Library, Techhical Information Center, P. Ol Box 62, Oak Ridge. TN 
37830 ' . - ^ 



>This fllm s^ows the sites In Louisiana and Texas where the United Statas will store one 
bairals of cn^e oU in underground salt domes by 1985. 

, ■ " ' ^ ^ ■ ^. ^ ^ ■ ..." ; ; u 

Water : " 
Modem Talking Pictufe Ser\ac6, lnG.,/2323 New Hyde ParH Rd., New Hyde Park, NY 11040 

This film explores both the aasthetic and practical use of water. It^overs the hydrqelaatric cycle, 
watefT chemistry ,*pollutionrim 



■ ylniroducing Atoms and Nuclear Energy ^ \^ ; 

' Information Center, P. O. Box 62 - Oak Ridge, TN ; 

and explains how energy is released from i nucle^us. It daflnes-'^ 
baiic terms and denionstrates uses of nuclear energy* ... 

' Now that the Dinosaurs are Gorie 
/Atomic Indiistrial Fohim^p^ 

TO energy as the riaxt step in Irian's usa of resoiiroesr In 

non^techm langiiageV it answers biSio Questions often asked about nucleai' energy. 

Nuclear Pow^r and the. Perry Envtrgnrnent ' * \ 

■^^'r^NUS:GQipQiBtiQ"nf4 Rebarc^^^ 



; --This film is a documentary of environmental Issues regarfmg^ nu^^^ plants. The e^ipharis is on 
nuclear plant siting, . . / "-;^^^^^y - * 

: A Sea We Cannot See ^ J • ' ' ! 

Department of Energy iFilm Librae, Technicarlnfbrination Center^ P. O, Box 62^ Oak^dgeVTN' 



Almost wetything m nature can be seen or felt-^windj light/coldj texture-that is e^rything except 
^radiationw^Thiils^he sea; we cannot sw . . / ^ : : ;: ::N:L;: 

Energy^A Farcify AlbuTri _ ^ . 4 --- : ■ 
Department of energy Film Librae ^ TecHnical Information Center, P. OvBox 62^ Oak Ridge^TN. 
^ 3 7830 — • - , ' " - — — = ^ — . - . ■ -— ^ 

A brief histoiy of energy in America Is foiiowed with some details of the nation's plan; to keep 
ahead/of engr^ demands, alternative sources of fuel, geothenwl^ 

Energy/Upddte . . ^ . ^v,^,^ \ ■ ^ ^ 

DepMlment of Ener^ Film Libfatyj Technical Infonnatlon Center, .P/dr BoK 62^ Oak Ri&e, TN% 
37M0r ^ . . ^ _ ^ ^ ^ - ^ -^"^ ^ - ^ - ^ 

With the President's energy ^mewa April 1 9^ 1 ^77^ as a backdrop, the film describes a number 
of situations in which people try to cope with energy problems and seek solutions now; The fUiti'^ 
touches on co^, lolMy nuclearis and other ^ * \ 



Consawtion \ " 

Conservatlon-'Invesiing iri Tomor^^ ' ^ 

Department of Energy Film Library , Technical Infonrjation Center, P* 0.*Box 62, Oak Ridges TN 

37830 . 

^ ■ s ^ . . . 

This fUra shows some of the ways we can save energy now; more efficient machines and Industrial 
^procfss^,^ ImpK^yig 

energy efflclent. ^ ' _ 
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|..-.„^:^ ^John Denver on Conservation ^ .\ ^ ^ ^ - 

I Department of Energy Film Library, Technical Information ^Center, P. O. Box 62, Oak Ridge.-TN 

37830 . . ^ , . 



tnis ! 



^The internationally-known-sinpa^t^^hn J3enver appears in this short fUmj shot entirely on 
iqcation^in Colorado and Califbmia/.The film showcases a portion of Mr. ^en 
oUtdoor' concert coupled with a personal message from Denver on behalf of eneisy conservationt 

Running on Empty-The Fuel Economy Challenge ^ . „ - 

Department of Energy Flhn Library, Technical Infonnation Center, P, O, Box 62, Oak Ridge, TN 
37830 - . ' \ 

TTirough citizen participation over a 9Q-mile road rally r the film illustrates various driving and fuel 
economy techniques. It shows how average drivers^ driving average cars, can practice ways to 
achieve maximuni savinp in gasoline and money^whUe traveling city streets, country roads, and 
msjor highways. - ^ * . ^ , 



Up the Power Curve = ' ' . 

Department of Energy Film Lifiraiyj Technical Infonnation Center ^ P. O. Box 62, Oak Ridge, TN 
37830 . . 

This film shows the practicality of energy conservation. It cbyers a wide range s' energy saving ideas 
and the dollar swings to be ach^ved from each; j^^?^/ : 



Altarnative^nergy Sources ^ - 

Coal-xTalang the Lumps Out ^ . . 3 

Department of Energy Film Library^ Technical Information Center, P; O. Box 62, Oak Ridge, TN 
37830 ' . ^ 

-4'his fUm shows the researclTthat is und^pVay to convert coa^to l^^^ 
prices. ^ J ^ . 

0eothermal--Nafure's Boiler _ k ■ . / 

Department of Energy Film Libraiy, TeGhnical Infonnation Center, P. O. Box 62, Oak Ridge TN 
37830^ . ^ ■ . -. ' ^ ^ ' / ■ ■ ■ ■ ^ -. 

. .- . - ........ --.-■vV-V;- ■ ; - ^ 7 \ . " ■ : ' 

Natural heat energy stored in and under the earth's crust can be put to work just as the Geysers now 
supply half the electricity for San Francisco's needs. These resources may heat, cool, and light 
homes and factories apross the country. / u j ^ ' ' 

Here Comes the Sun . ^ 

Department of Energy Film Library, Technical Informatidn Center, P. O. Bdx'62, Oak Ridge, TN 



, 37830^ _ - ' . _ ; ^ 

In this film solar systems are shown op the roofs and on the pound workihg in four states. 
CoHectors wann the air and water for iwlmming pools, dishwashers, and storage tanks. 

' Power from the Earth . ^ ^ . 

Departjnent of Energy Film Library^ Technical Information Center, P. O. Box 62, Oak Ridge, TN 
37830 V ' . . ' " ^: - 



"We' needliew S)urcer0f elec^ 

various problems of obtaining thermal energy from the eartli. 
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Putting the Sun to Work - L : ^ - ^ . . . 

Department of Energy Filih Library, Technical Information Center, P. O. Box 62, Oak Ridge, TN " 
37830 ^ . 

r 'Diree leadyig solar experts explain the current schemes for harnessing solar power. Emphasis is on 
hq||e and industrial usage, - ^ _ - . 

Struggle for Power , '.^^ " , ^ 

Modem Talking Picture Service^ Inc., CatepiUar Film Library, 1687 Elmhurst Road, Elk Grove 
Village, IL 60007 ^ 

This film documents what is being done to supplement dwindling fossil fuel supplies. It covers diale 
oil extraction and coal ga^fication processes. . 

Tidal Power ' — ^ ' 

Pepartment^of Anny, New Enrign4Pivision, Corp s of En rinears, j 24^T rapelo ^gjd, WalthCT, MA,., 
02154 ' - . - . 

This film documents a study made by the U.S. and Canada on the eaonomio feasibility of hame^ing 
^^idal power forelectrical eneiiy .lt includes a tour.of project sites.'^ , / : ; . 

To Bottle the Sun 

Department of Energy Film Libfary^^echnical Infoimation Center^ P. O. Box 62, Dak. Ridge, TN 

37830"'"^ ^" ~ ' ~ - ~ ----- ^ — - — -~ : 

The fusing of atoms releases large amounts of energy. In this short film, two scientists explain the 
fusion process in the attempt to generate electricity. : ' - - ^ 



FREE BOOKLETS TO SEND FOR 



The follQwing are available in single copies or'classroom quantities from the U.S. Department, 
of Energy, Technical Inform^ion Center, P. O, B^62, Oak Ridge, TN 37830 . 

cGeneralEnafgy Topics - . ^ 

Eneigy in Focus; BisicBata ^ ^ . ^ 

Statistics on U.S. energyproduction, imports, consumption, and prices thatVeflect^nargy situations 
over the past quarter cerou'ry^vEssential background for an understanding of the trends that have led 
to the current status of energy. supplies. , / ^ ^ 

Eneigy Histoid of the United Stat^ 17764976 . / 



3 X 4 foot color chart and user's manual, r*'- - - ^ ^ 

Eneigy Technology ' - 

Describes the research needed to lopate, recover, develop, store, and distribute various energy forms 
in a clean. Convenient, and economical way. * . * 



Oil and Gas ^ ' ^ 

Enhanced Recovery of Oil and Gas r / -3: ; -\ 

Discusses the potential contributions of enhanced recovery to increasing^our energy supply and 
explains soma of the methods^ inclvding to use of w^^^ chemicals, and combustion. 



Ba|id information about the use of oil to provide power and'the developments in technofogy that 
^ be needed to' use it more effectively for the benefit of mankind.- _~ - 

^S^lainr how oil is produced, traaspdrte^^^ 



Nuclear Power 



The First Reactor 

Dramatic story of the first controlled nuclear chain reaction. ' 
Inner Spape! Th^tracture o£ the Atom 
history and present-day knowledge of the principles and concepts of atomic structure. 
Nucledr Ene^y^ ^ ■■ 
Tells how nuclear eneigy generates electricity. \ 



Nuclear Power Plant Safety 

Describes the three levels of safety incorporated into the design of reactors. 



- 'y i' 



;^ffiSaf^uarding of N^^ * 

'5; Describes^ t^^ basic components of the nuclear system/ including faciUty protection and inventory 
- control/^ * ' - . . 

^J Shipptag of Nuclear Wi^tes • 

■ ' Telfi^h^^ are packaged and tmnsportad, induding, the ^fety precautions 

J-^--eniplqyed<' ^\ \- ';. .- ■ ' ' ' - .-; I ^. -- - - - / . 

;-;iii6igy.P6Bcy^J-".v;:;^^^^ 
J^The National Eneifyf tan 
^thiiliplaj^^ 

: pricingj and conservation info the mW^ 
Consarvatioii - 




Gas Mileage Ouidt for New Car BuyiBrs 



Tcnow howmuch enefW they uiaTHa how effectTwljrtfilycon^ 
Sixty-five Ways to.Sava Natoml Gas . 
Offers rnqney-saving mathods to saw natural gas in homes, 
tips fiir Energy Savers 



Of feg) practical and simpla ways to save energy in the kitchen, workdiop, garden, and car. Includis 
eni^y^aving considerations when buying appUances and otherhousehold merchandise. (A Spanish 
language edition is also avallableO ^ - 

Tips for the Motorat: D5n't Be Fuelish ^ 

i ..... .... ^ ■ , • . 

Lists 30 ways tp make gasoline go further, ranging from tips bn improving driving skills to car 
maintenanca checkpoints. 



Alternative Energy Source 



o 90 

ERIC 



^iists the eftimated filer 978 ^ caft ' and: lightHdu^y^rucl^ lengirie 

- combustioh.dasigns that mefet emission standards of aU V . L ? i 

: ;^H6w to SiwJ^oney hy Insulating your Home ; ^ 

Clearly illustrated instructions for insulating home w 

HowtoUndaistandyourUtiityBte^ ' L * : 

. Po pular gui de to re ading electric and g as me ters and ch acking utility bills, so tha t hpuseholden may 



Fuel CeUs : A New Kind of Power Plant . v 

Explains how fuel cells produce electricity, and featuras experimental demonstratloris for utilities. 



i 



^V^;;^'';!^^^ (vegetation, animsl wastes, etc.) can ba processed to produce methane gas or fuel oil. 



' Explains a prticass, similar to that by which the sun generatei energy, that could be us©d for future 
/ electrical energy prpduction. . , ^ " 



= dceifi Thermal Energy Convemon 



How the difference in temperature between warm surface water and cooler water breath the sea is 
used to generate power^ - ^ i - ?. 

aSolar.EIectridty^fromiPhotovoltaic-Convimbiiii^ 



T^Us how solar celli, composed of silicon and simile materids,^ aye used to generate elactricity 
directly from the sun s rays. / : ^ . r- . - $ 

Solar Enei^y 

Basic information about tha use of solar ehargy, to pro\idi^elattrical power and the developments 
teclmology that wiU be needed to use it mdra effectively for tha benafirof mankind. " 

Sobr Energy for Heating and GooQng ^ z - v 

Describea how siplar heating and cooling systems operate^ and talis how solar anajr^'can be used as 
an alterrfative energy source. :^ ^ " ^ ^ ... _ _ _ ^ ^ 
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OTHER FREE MATERIALS FOR TEAGHERS 



20009^ Ehe^y iiid Education^ a bi-monthly news^tter, givas infomiktion on educationsl materials^ 

topics related |o energy and eduQation. * . ^ / 7 " i ^ v^: ; 



^ . .prdni American Petroleum Institute, ;! 80 J K Street NW,^ Washington,' DC 20006 Looking for .' 
■ V/ Ene^^ A Guide to Infonnation Rgibureei ^ - ^ . " j ' 

From National Coal- Association, Coal Building, 1130 Seventeenth St., NW; Washington, DC 
' * 20036. , A bibliography of publications on coal. 

' V Fronv National ^rScience ' Teachers Association, 1-742 Connecticut A^^e.v '^Ws^WashingtQ DC 
. , 20009, Ehffgy iiidEduea^' " ^— .i-i- . ^_ 
workshops, and. up-to-date 

Fjcom ^^aa . Grant" C^^ 8M ^Ujfnvgrgitvi,Ayf Madisom Wl' ^ 5 J7O6. The 

Household Energy Game, a game designed to experifnce:^bu ■ ^ - v , 

From Standard Oil Company, Public Affairs, MC 3705, P.'O. BdXrSgiO-A^XChicago, IL 606S0\'' . 
Amoco Teaching Aids, describes filmsj low-cost teacher aids, and free teachaj materials. 

From Mr. David O. Schantz,, Charles Edison Fund,^lDl South-Hamlon St .^ast Orange, NJ 07018. ' • ^ 
~^xTaagher's^Aid-Kit:zrantains-l 0-6ooklets^ ma 

\ of energy. >^ 1 ^ ' . - * . 

T VAll of the following are tvailable from U.S;vDepaitment 0f Enargy^ Technical Information Center, , - 
P. O. Box 62, Oak Ridge, TN 37830. . ^ . ^ , ^| 

■ ■ ■ _ * ■ . ^ = . ti ' 

Award Winning Enargyi Education ActiyitiesT for Elementary, and Hi^ Schopl Teachers, Contain^ . 

brief descriptions of prizawinning entries in the" National Science. Teachers Association TeacJiar . 

Participation Contest conducted in 1976. The contest sou^t id^as that would fit easily into 

standard (science and nonsc ience) c ounes of study at various grade levels to ^fur ther s tudent . 

understanding of important energy: issues, - _ \ . 

- -■ - ^ ' , . ' ~ ^ 

Energy CDnsarvation in the Home: An Ener|y Education/Cdnservation Curriculum Guide for 
y Homt &!oiiooiics Teaehars. This resource book will he^ home economics studanti conserve energy 
^ in their homes and lives. ^ . . ^ y t 

{ Energy history' of the Unitad S&tas* Charts the ^owth of Amefcian energy use and traces tha 
history of the major sources of energy (coal, wbod^ and oil) in the United States. ^ : 

How^a BUI Becomes Law to Cbn^rve Energy/Study units Include ''Castr Study ora Bill " which 
describes how the 55 liiph riational speed limit becmie a law^ arid takes the itudent through .the 1 
lawmaking process; and "A CQngressional Haaring," in which students play typical roles at a haaring 
on a-national speed limit bill in a simulation game. (See also U.S. Enei^y Policy--V^^Ich toiraction?) ^ 

Mathtmatics in Energy, This packet is desi^'rttto infuse aofrgy concepts Into junlpr high math 
classas* The . unit deils.with^ widf^ range of Energy math including conversions, stat!iticS| and the 
manipulation of energy uni% : 

^ Organizing School 'Energy Contasti. Outlines* procedures for toniucting school and community - 
--/--energy- pmjects-frpm^tha^^lanningstate-t 

entries. . ^ ^ _ ' * . . . ^ ' * . 
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^vy*S. Eneigy^^^ which is a companion to How a Bill Becomes Law 

- to Conserve Energy, concentrates on the Executive Branch of the Government and the various 
forces that go into making energy policy. , 

*F^ct Sheets on Alternative Energy Sources, a series of 1 9 fa'ct sheets on various alternative energy 
sources.. , ' , . * /* 

\ &iefgy Films Catalog, describes, more than 190. motion pictures that are available for free loan. 
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GLOSSARY^.L 

Acidic rainfall caused by the oxides of nitrogen pi; sulfur 
present in the atmosphari as pollutants biingT^moved by r> 
rainfall. _ ^ - * 

■ ■- : . ■ _ - • ■ : ; • — : -■- . ^ . . . • - ^° y- • ■ " .■ 

'1- y k. -- • - ■ ■ • ■ ■ ' . - ml ■ : . ' ■ ■ • 

A fTow of positively chatged particles , (alpha prides) 
emitted by certain radiqactive materials. Identicd with the 
nucleus of a helium atom. ^ * , - 0 

"Hard" coal^ which contains the highest carbon pontent. 
It is easy to handlei bums' cleanly^ and contains little iulfiir* 

A Jiquid measure. A baq^l of oil contains 42 gallons, f ' 

An elimentaiy particle emitted from the nuclBus of an atom , .^^ 
iii one type of raiiiQactive decay. Identical to the electron. : 

"Hilt material in any iom usable for fuelr^ . 7 ;.t7 

"Soft" coaf. The coal stage between lignite and anthracite. 
Has an energy content 25%. lower than anthracite. Often 
has a hi^ sulfur content'. 

A nuclear reactor in which water^ used as both coolant an4 . ' 
moderator, is allowed to boU in the core. The resulting steam 
can be used directly, to drive a turbine. . 

A;^special type of nuclw reactor ta;^M core is su^ *^ 

rounded by a blanket of feftile material (uranium r 238 
Or thorium 233)^ The fertflfi blanket cap|tirei nei^rons 
and decays into fissile fuel matMiaI^B^aed^^^ 
extend our nuilear fibfel supplies indefirtitely.^^ ^ * a 

* The amount of heat required to mise, the temperature of pm 
pound of water one de^ee Falweriheit. (British Therma - 
Unit) \j ; ^ ' ; 

Four BTU'sequili about r calorie, . 

Th^ heat required to r^sethe temperature of 1 gram of water 
one degree Celsius. Th^Mtorie (note upper case C) is called 
the kUocalorip and is equffi& lOOQ calories. 

One Calorie is about 4 BTU. • 

A worldwide monoply. . ' ' 




' - Coal 



Cod Gasifiration 
Cogeneratioii- 



. Combustion " 

■ if " ^ 

:CDobht ' \ 

" Decontrol / 
' Diutarium ' 

Electromagnetic Energy 



Electron 



Energy 



Fertile Material 



J 



Fi^dn 



ThVeneify raieM#d in chemical reactions due to the 
ofelectrons: . ^^ , : , . ; • V \ 

Carboniferous remains of dead plant material. Coal- is 
•Americas most abundant domestic fossil fuer resoWce. 
The basig composition of coal is carbon, hydfogeja 5 oxygen , 
nitrogen and sulfur. 

Th^productipn of a gaseous fuel froin coaL 



TTie . double use of hi^ energy stemi. The steam is used to 
prodiice electricity, then- the lower energy steam, is used for 
jndustrial^processes.-^4J.=S3i*-^^^ 



The rapid oxidation (buniing) of fuel or any other burnable 
substance.. - ' ^ ' - 

A substance circulated throu^ a nuclear reactor to remove 
^Jrfnsfer^heat, some collants are water, heavy- water and air.~ 



Reinqval of governmental controls of prices. 

A fieai^r isotdpe of hydrogen in which the nucleus consists 
of a*prpton and a neutron, giving ft an atomic weight of 2; - 

TTie production of electromognetic waves which radiate from 
a source tft^ the^velocity of light. Produced by electrically 
charged particles mDving in magiatic fields . ^ — ^ 



An elementary subatomic particle with a unit negative 
charge and a mass of 1/1837 that of the proton. Electrons 
iU^ound the positively charged nucleus and detennine the 
chemical properties of the atom; 

* - ^ -. ■ ■ ' ' 

The ability to do work (the 'movement of matter from 
one point to another). ^ 

A materiy, not itself flssionable by therm^r neutrons, which 
carl be coriverted into a fissionable material by inradlation 
:.ih a reacttff . TKertf are two baiic jfertiie rtteterials,^ - 
238 and throium - 232, which can be converted into plUtonl= 
um - 239 and uranium - 233, respectively. « 

Th» splitting of a, large atOmlo nucleui into two or more 
smaller nuclei. Large amounts of energy are released in this . 
process. ' , 
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Fluidized Bed Combusion 




.^othential Power 



* Gravitirtlonal Eriergy 
* GreenhoUsa Ef jfeet 

Heat Enirgy 
Hydrdelactridty - 



A method of burning coal with aMow release of sulfurr ."V^, ; . . 
Particles of cod and limestone a^eVsuspended in a stream , of _ J 
air directed ^p"wa^d throtigh - a vary hot -bid of ash Md\^^ ..^ ^ 
limestone. As' the coal bums the„ sulfur in the coal com^^^^ ; ; ■ 
with the cdcium in' the limestone. The calcium sulfide is y\, 
removed with the ash. ^ ^ . . ; 

Any fuel derived from the remains of once living orianisms.. 
Examples arc - . , " 

A device in which chemical energy is converted directly, v . 
into electrical energy without the combustion step necessaiy ^ . 
th^ gteam generator. ^„ ^ _ , s / , . ^ , ^, -^L:^ 

The fomation of a heavier nucleus from two lighter nuclei, 
with the attendant release of energy. - . > v 

Hi^ energy, short wav6 electromagnetic radiation originating 
in the nu cleus. Sim ilar to x-rays, ; - - - :f - , .. - 



A nuclear reactor which uses a gas (possibly air) to remove; 

excess heat; . . 

... ...... . — . ^ .... . 

Gasoline with up to 20% ethyl or methy 'alcohol as an ex- 
tender. J . . ^ *^ . 

A petroleum componertt used extefisively as a motor fuel 

The use of the earth's interior heat in volcanic regions or 
I near geologic faults to produce steamCfor^ 

A fonn of potential energy due to position. 

The retention of the sun*s heat by the water vapor and 
carbon dioxide of the earth s atmosphere, = , 



The energy of the motion of moleculef. 



Ionization 



Electricity produced by allowing stored wafer to fall, turning 
turbinei; Hi^ head hydro consists of allowing a sm^l 
amount of water to fall a great distance; in low^ead hydro 
a large volume of water is made to fall for a short distance. 

TTie process of removing or adding electrons to atoms or 
/ molecules/ thereby producing charged (ionized) particles. 



Ionizing Radiation 



"SyTa3iaHo?rcapable^ 

or molecules. Examples: alpha, beta, gamma radiation, 
ultraviolet light. May produce severe skin or tissue damage. 
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Kinetic Energy 



Light Water Reacforr^ 



'-One thou^d watts'/^^. 

^ c^v -55^. " -^'t > * -r-V 
The.jraa]^.of motion. ^|>v 



' >A i,j • . ...V/- , i.-,^' 



:'?tA nii(^s|r' reactor whicti-Ws regular Va?eVVs''a-"Wo^^ 



'y^".-. A method df'e 



' r Maximum Permissible Exposure2^;^That dose of ionizing radiation established- ^tM^ 

below which no reasonable expectation of nskVoillto 
health occurs. Presently 5 RE per year Z-^iM-SiM^ 



Mechanical Energy 



tegawatt 



^.Lfi Methane ^ ^^^^ 

.^V - i 

MiUlrem 

Moderator 

Monoply 
Neutron - * 

\ 

Nuclear Energy 
Ocean Thennal Power 



TheUfetimedose-(N-18rx'5vr.#^ ^^K\\Tr':- 



Wh^re N = age^in ^ears, 



TTie for^f enfergy acquired or relgasefl by ino\1hro^^^ ^ 

1 ,000 watts ^ ^ * \ ^r^^? ' A^feK^i ' 

A-natural gas prodifced by the decay of-oiB4ffl(lf&eiialr^~ 
^May bl^used as a fueL ' _ _ * - ' \ - i^v^ '..^ . - ' 

1/1000 of a REM. A ^ 

' A material such-as ordinal water, heavy-wa^^F^rifaphite, 
' used in a reactor to slow down high speed neutrons, this ^ 
inqreasing thf^Htellhood of further flssioh. — * . 

The sole seller of an^ good or commodity. 

An unchanged neutral subatomic particle with a ma$s slightly 
neater than that of the ^proton., ' ~ / ^ 

TTie energy relea^d in nuclear reacfioiis such fission or 
fusion. ' ' u • ■■ '-^ 

Also f called Q^ean Thennal Energy • Conversion (0TEC). . 

surface and depths of the ocean to .produce electricity. Most 
efflcientin the ti;opics. . ^ " „ 
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*' V 6a Refining' ' ' ''-^ • ■ H>Vj:;.V|/i;^:^^ separation of crude oil into its vanoi|te components by- 'J 



mm - 

ft y ou Shale 



" ' 'i '.^fractional distillation.-* Some components are.,^. gasoIuie,V:r . J 

— V -'-'v ^■VJ'i^psine, fuel oil, liglit oils and heavy oils'i.--f::V. \: .|^^ l^,,^-:^^;^::^ 

_ A findy textured rock, which contains a' tarlike substance : ' y 
cailecl. kerogen. The.kerqgen can be di^yen off by heating/; 
■/'and. then refm^d into petroleum fuels and other products, 

for . the - Organization^ of Petroleum ' Export 
' Countries,; an intimation 'cartel . which:, controls most 'of . . ^ , 
the world s oil. ^ " / .> . \ . * . ' v 

v/g^ilj^^^^ an' accumulation ,iof :4f ad jlants;^^^ 4|Lriy 



•iff^itag^s of decomposition. Peat is usuaUy formed in swam^ 
and bog& .where the dead vegetation! is covfered with water, 
which blocks bactenal -actibn, slowing the rate pf decay. 
Thus, most of the carbon is retained. ^ \ ^-m^^^;^}^ 



Fersoii REM 



Pf t^olellII^:^ , \ : . - / 



".A-:.theoretical^ m_easure/ pf^tjhe.^^ jfe??^^^*^ by^he 
entire population. / . 

ParsQh Rem - Dose in REM's x No, pf Persons. 

Naturdly occurring ^compounds of carbon and hydrogen 
formed from the remains of minute marine animals^ and 
plants which died and settled at the bottom of Mcient seas 
NyherA it was covered with silt. Various forces conv§rted 
-this material to petroleum and natural gas,^-^.^ — ^ — ^^^.^^ 



Photo^nthi 
Plutohium • \ 

Pnemnocomosis 



A process whereby peen plants store the sun s energy m 
chemical compounds such asSugars. 

A heavy, radioactive, man-made metallic element with 
atomic riumbef 94, Plutonium = 239 is fissionable and is 
suitable for use in reactors or weapons. 



/"Black Lung-/ disaase df coal miners, characferized by the 
developnient of fibrous masses in the lung following years 
of exposure to coal dust. * 



Potential Eneiip^ 
Power f 



Stored energy due to position or condition. 

The amount of en er^^usgd or produced : in a given amount 
of'time. The watt is deflned as .00948 BTU per second. 



.RyrolymW^. 
Quad 



_RempvaJ -jQ^ m purities from bidrnass by 

heating in the absence of air, ^ 

A measure of energy equal to 1 x 1015 BTU. 



R-Valae 



RAD- 



Radiant Energy 
Ra^oaetive Waste 



Radionuclide 



/^-Reactor ^ 



A numerical ■iRQmparison^^^ of thewinsulating value of various 
materials. - 

. It 

Acronym for radiation absbrbed dose. The absorption of 
lOO.ergs of radiation energy per ^rani of absorbing matenaL 

Energy which radiates through space from a central point. 

Equipment and materials^ from^ nuclear operations which are 
radioactive and for which fliere is no further use. May be 
high-level or low-level wastes. 



* , 'Y-^'tt -■« ' f 



Re^iration 



^An^jadioacjive^ isotope.^ ^ ^ -„^„ ^ 

'A-.divice designed to contain the nuclear fission reaction and 
to extract usable heat from the reaction. This heal is used 
to convert water to steam. The steam is used to turn turbines 
to produce electricity. - 



Acronym of roentgen equivalent man: The unit dose of any 
TOdiatioh which produces 'the same biological effict as tlie 
-ujiit of absorted^dose of x-rays, ,4 

^e opposite pmcess to photosynthesiSj Avhareby living cells 
raliase usable energy by^ oxidation of carbo- 

hydrates, / ■ ^ 

Patroleu m: . .^y. 



tgm 
Soliif Energy 
Solvent Refining 



Stack Gas Scnibber 



Tailinp 



Saiidr 



A unit of exposure to ionizing radiation . 
' ^" ' . ^ 

^ The use of the sun s rays, . - . 

A prociss used to rembve chemiiQal impurities from coal. 
Coal is dissolved in a light oil at h^h temperature and 
pressure. Asji wd insoluble matter settle out an4 can be 
removed. Products a brittle^ ihiny, tarJlke solid which can 
be remelted and transported by pipeline, 

A method of cleaning thfe gasebus emissions caused by 
burning fossil fuels. Limestone is brou^t Into, contact with ' 
the^flue gas In a cleansing tank. Most of Ihyulfur'is removed. 

Wast^ materials left frdm materials from a mine after the 
desired material has been removed. 



Sand particles coated Wrtli a Br cafled bltumenyf^ bitumen 
can be extracted and refined into petroleum fuels. 



Tidal Power 



The harneising of tides to produce eletrical energy. 



Takimak 



Uranium 



Wave Po we 



mi;.,,.-.. 



■ A Russian-invented, ^evice to produce ^and contam the 
plasma in a fuabn' reaction/ : ^ , . ■ ■ / . 

A. naturally dcdumhg radioactive 'ilement with an, atomic 
number of 92 and an average atomic weight of approxiniatily 
238. The two principle isotopes are ^uranium - 23S (0^7% 
of natural uranium), . which is fissionable, and uranium - 239 
(99.3% of natural uranium) which is fertile. ' . . 

Devices designed to convert the motion of olsean waves 'to 
rot^ motibn driving. Thi.Iapaneje ship ''Kaimei" was 
the fmt operatfonal flMting plant: , ^ ^ \ 



WuidfaH Profits 



WlndmUl 



Excessive profits made by a company. Unexpected or un- 
- earned profits. - h. , 

a; machine designed to convert :the mwymen^ of thr wind 
into rotary rtiotion by rneani of rotating blades. : . ^ ; ' 




